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RESULTS 


STUDIES OK PHYSIOLOGIC SPECL^LIZATION OF SPHACELOTHECA SOEGHI 

Tj^ee years’ data (1927 to 1929) have been obtained on physiologic 
speciahzation of Sphacelotheca sorgki at Manhattan, Kans Eighty 
varieties, selections, and hybrids of the various groups of sorghunis 
have been growTi to determine their reaction to three forms of" smut 
Data obtained in 1929 suggest the presence of two additional physio- 
logic forms, makmg a total of five (See Table 3 ) These physiologic 
forms of S. sorghi have been segregated on the basis of (1) the "reaction 
of differential hosts, (2) cultural characteristics on artificial media, 
and (3) differences in the fragility, size, and color of the sori 
Table 1 gives the data on varietal reaction to form 1, designated as 
the common kernel smut; to form 2, the milo kernel smut; and to form 
3, the feterita kernel smut Blanks denote that no smut of that form 
or seed of the variety was available 


Table 1 — Percentage of smutted heads tn so 
forms of kernel smut {Sphacelotheca sorgh, 
Manhattan, Kans , 1927, 1928, and 1929 

1 Percent^u 
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46 3 j 1 ‘ 32 1 ; 23 7 , 27 3 


Sorgo , 

D^arf Sumac i K. B 2576 j 

Standard Sumac | K B 2902. 

Red Amber ! K B 2504. . 2b 5 10 1 ! 32 3 

Kansas Orange K B 2560 47 8 i 23 7 ' | 20 S 

Leoti Red 1 F C I 6610. 1 34 7 , j 53 2 

Freed i K B 2519...| 14 6 i ' 32 3 

Weskan- ' K B 2522.J 1 , , 53 5 

Honey I K B 2S74...! ' i 61 2 

~ . _ I I y . 

, 96.2 

...! ' 84 1 


‘ Japanese Honey Drip” I K B 2876. 

Atlas selection No. 95 i K. B ^77 ] 

Atlas selection No 100 1 K B 2S78 — i 

Kafir I I 

Pink K B 2508. 

Pink selection i K. B 2546 — 


Pink.. 

Early Pink 

Sunrise 

Blaokhull 

Western Blackhull 

Dawn - 

Dawm selection 

Club - 

Bed 

Milo 

Dwarf Yellowr 

Dwarf Yellow selection.. 

Do 

Standard Yellow 

Dwarf White 

Standard White 

Cream 

Fargo Straightneek 

** Dwarf Straightneek”— 
“Erect” 


PCI 9091, 
K B 2824.. 
K B 2523... 
K. B 2535... 
K. B 27102.. 
K B 2538,. 
H. C. 2421- 
H C 281-. 
K B 2545- 


C I 332 

K B 2511... 
K B 2515... 
C I 234. ... 
F G 1, 8927- 
C I 352- 
K.B 2569-J 

O I 809 

K. B. 2844-J 
K. B. 2845— 1 


23 8 
36 7 
67.9 


70 8 
40 2 
2 2 
209 
68 6 


II 50 3 


47.5 , 

8 ’ 

0 


0 

25,0 


i 10 4 
j 6 3 
! 22 S 
10 4 
0 

, 16 8 
' 12 5 
1 32 




38 5 
65 8 
68 3 
3 0 
21 4 
54 8 
62 9 
53 2 
57 1 
51.0 
46 5 
89 4 

0 

0 

0 

0 

0 

0 

0 

19 2 
0 
0 


19 8 
17 5 

25 5 
34 7 
50 0 
49 7 

7 9 
68 9 

53.1 

31 8 
37 2 
44.4 
0 

1 6 
36 4 
28 0 

44.2 
45 3 
39 4 
27 1 

26 0 I 

I 

10 7 1 
16.1 

11 3 1 
11 S 
13 4 

93 
10 5 
4.4 
2 6 
19 7 


15 1 
34 1 
11 3 
44.3 
37 6 
44 3 
8 1 
34 1 

sae 


53 4 
,4 
2 8 

39 6 
33 7 
38 1 

40 3 
32 7 
35 1 
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00 

46 9 ! 
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i 40 4 I 
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64 5 

17 1 
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11 6 

26 1 i 
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38 4 

72 2 1 

31.3 

1 30 1 

99 

200 

, 304 

16 7 ' 

26 1 

, 33 1 

38 6 

34 9 

24,2 

29 3 i 

25.9 

; 279 

203 ' 

33.1 

1 34 3 

' 11 1 

1 

35 4 

208 

! 23 1 1 

16 5 

' 23.0 

I 18.8 j 

50 0 

27 8 

I 25 8 

37 8 

21.9 

15 8 1 35 6 

39 5 

29 2 1 

33.3 

272 

23.3 20 2 1 

238 

1 S.4 

24 0 

13 6 

i 9.5 • 

32 7 

25.7 

23 9 

26 8 ; 

20 0 

1 12.5 

24.4 » 

16 2 

15,8 1 

19 0 ! 

10 1 

38 4 

25 2 

30 S 

0 1 

13 2 j 

i 0 

0 ‘ 

18.0 

0 

0 ; 

8.2 i 

0 

1 0 > 

7 5 

0 

Ip 1 

7.9 

0 

0 i 

12.5 

0 

3 3. 

25 3 

0 

' 0 1 

25.6 

1 1 

1 0 

32 6 

0 


« The letters C I,F C.I,S P I,H C ,andK B mdieate accession numbers, respectively, of the Divi- 
sion of Cereal Crops and Diseases, Division of Forage Crops and Diseases, and Division of Foreign Plant In- 
troduction, ^1 of the Bureau of Plant Industry, U S Department of Agriculture, and of the Fort Hays 
branch experiment station and the department of botany and plant pathology, both of the Kansas Agri- 
cultural Experiment Station. 
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Table 1 — Percentage of smutted heads in sorghums inoculated mth physiologic 
forms of kernel smut (Sphacelotheca sorghi) pom kafir ^ miloy and Jetenla, at 
Manhattan, Kans , 1927, 1928, and 1929— Contumcd 


Pincontage of heads bra uttecl after inoculation with ph^s 
lologic form indicated 


Group and variety, selection, 
or hjbnd 


Accession 

No 


1 

Fetenta 

Feterita selection 

Do 

Fetenta — 

Spur 

Red Leaf selection 

Do 

Hybrid Dwarf No 6 

Hegan 

Hegari selection 

Hegan 

Hybrids 

Red VmberX feterita selec- 
tion 1 

Do 

Do 

Do 

Do 

Do ; 

Do ; 

KaflrXfeterita 

Do ' 

FetentaXkiiflr ■ 

HahrXmilo 26-3-1-1 i 

KafirXmilo 3S-1-2-1 

Dwarf Yellow miioXPmk 
kafir 

Do - 

Do 

Kans IS OrangeXDwarf Yel- , 
low milo selection 1 
Kansas UrangeXDwarf Yel- 
low selec tion 2 ' 

Kansas Or ingeXDwarf Yel- i 
low seleition 6 

Pink kafir X Freed sorgo 

MiloXfetenta 

BiackhullXSourless 

Broome orn 

Acme (dwarf; 

Evergreen (standard < ' 

Kaoliang 

Dwarf Shantung 

Manchu Brown 

Miscelkineous sorghums 

White Yolo , 

Darso - 

White durra 

Shallu - - 

‘^hallu selection 

Schrotk 

Modoc 

Dwarf Freed 

Premo 

Pierce ka fen ta selection I 

Do 

Pierce kafenta (tvpes 3 and 4). 
bucian gras.'. 


C I 182-1.. 
K B 2563-_ 
S P I 51 %9. 
K B 2540... 
K B 2543... 
K B 2544. 

K B 2820. 


K B 2518.. 
K B 2537.. 


K B 2501... 
K B 2509... 
K B 2513... 
K B 2552... 
K,B 2562.. 
K B 2567.. 
K B 2570... 
K B 2573... 
F C I 8920 
H C 2423.. 
F C I 8Q17- 
K B 2561.. 
K B 2679-. 
H C 244... 

H C 257 . 
H C 2510.. 
K B 2680.. 


K B 2681. 


K B 2798.. 
F C I 8926- 
K B 2,505... 

r I 243...., 
r I oS3 

C I 291... 

C I 171... 


1927 


2 9 


‘1 


0 

0 

0 

0 I 

0 i 

21 5 ' 
0 


8 2 
0 
0 

12 3 
0 

10 4 
0 
0 


0 I 34 5 
42 1 ' 0 
52 4 ' .... 


0 

13 0 1 17 7 


K B 2682.. 0 


56 0 . 

0 ' 0 
56 0 


0 

0 

24 8 


0 

0 

0 

1 0 
0 
0 

15 9 
0 


10 9 
6 3 


1928 


B 2525.. 
B 2536.. 

I 81 

I 85 

B 2879-. 
B 2541.. 
r 2520- . 

r 2521.. 

F V I 8929. 
K B 2547.. 
K B 2549... 
K B 27101. 
K B 2981.. 


17 S 
29 7 

I 23 9 
48 0 

0 

. 5 3 

. 30S 
.! 66 7 


67 1 
19 4 
0 

52 0 
15 4 


28 1 


0 

0 

0 

1 5 
0 
0 

23 9 
0 

5 6 
0 
0 
0 

44 3 
51 1 


0 

4 3 
0 
0 
0 
0 
0 

8 6 
9 0 


20 5 
0 

3 8 

8 1 

0 

0 

0 

0 

2 2 

0 

0 

37 0 
39 3 
52 1 


0 I 26 1 

37 4 I 13 2 
60 4 ' 34 5 

0 15 3 


0 

0 

17 9 
0 

4 9 
3 4 
6 

0 
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0 

0 

0 

5 

0 

0 

18 1 
0 
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34 4 
21 8 
16 4 
51 5 

12 3 
0 

8 5 


5 2 
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50 S 
0 

60 7 


5 0 ! 5 3 
0 i 
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8 S I 19 9 
0 i 41 6 
40 0, 220 


506 
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56 4 1 48 0 
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26 7 I 53 2 
4| 79 
62 9 I 52 7 

c ! or K 


71 5 I 28 8 
51 6 IS 2 21 6 


31 8 
48 6 


17 5 
IS 8 


0 i 60 3 
3 0 I 31 8 
63 3 , 72 5 
43 2 


0 

0 

0 

0 

0 

3 3 
2 5 

0 

0 


0 

0 

13 8 
0 
0 
0 
0 
0 

13 2 
0 

0 

6 3 
9 4 


23 0 

23 9 
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9 4 
23 0 


23 9 I 0 
23 7 i 12 0 


75 1 
12 4 
58,4 
80 5 
17 7 
0 

47 2 
8 3 


15 0 
1 7 
29 1 
46 2 
33 3 
0 

51 8 


0 

36 3 
30 7 
6 7 


1 2 
0 

10 8 
19 8 


7 1 17 9 

25 6 ' 0 

43 5 I 14 6 
54 8 ! 26 1 

0 I 5 8 
18 7 , 0 

44 2 ! 12 8 

8 3 16 

1 10 0 


1929 


0 

0 

0 

0 

0 

0 

0 

1 0 
13 6 


3 4 
0 
0 


0 

2 5 

0 

0 

4 2 


0 

26 3 
40 8 
20 3 

12 8 
5 6 
45 0 


41 1 


43 2 
0 


49 2 
39 2 

26 9 
38 6 

35 3 
21 4 
31 1 
44 7 
60 0 
9 2 
28 3 


16 7 
0 

32 9 
6 6 
3 5 


2 1 
0 

2 6 
0 

3 9 

4 5 
3 2 

0 

0 


0 

0 

0 

0 

0 

0 

21 3 
0 

L6 


2 4 
13 0 
22 5 
16 3 

5 6 
4 3 
39 6 


36 8 


45 3 
0 


26 5 
15 1 

21 4 
36 0 

0 

27 6 
18 9 

42 1 

22 7 

43 5 
11 4 
52 3 

0 

1 20 6 

28 4 
! 29 5 
I 90 


1 
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It will be noted that the leaction ol the varieties is remaikably 
consistent As sorghums hybridize verv leadily, off-type plants 
occasionally occur Also it is exceedingly difficult at times to pi event 
spores of the various forms of kernel smut fioni getting where they 
are not desired This may explain the occasional occurrence of a 
smutted plant in a variety knowm to be highly resistant, and probably 
is accountable for the occurrence of 1 2 per cent of form 1 d^afir 
smut) in White Yolo, K B 2525 IMiite Yolo is regarded as mimune 
from this smut, as has been proved in all other experiments There 
IS, however, the possibility that the occurrence of smut in such an 
instance is due to the appearance of a new form of smut In the 
light of present knowledge, it is possible that the occurience of 7 
smutted fetenta plants in a total of 3,638 plants grown by Eeed and 
Melchers (7) at Manhattan, Kans , Columbia, Mo , Brooklyn X Y , 
and Rosslyn, Va , likewise ma}^ have been due to a similar phenom- 
enon The same holds true for the 3 smutted Standard Wliite 
milo plants recorded by them in a total of 2,256 plants The occiii- 
lence of physiologic foims of smut wms not suspected by them at 
that time, however, and the logical explanation was an off-type plant 
or a susceptible hybrid 

In Table 2 are grouped the data on 23 varieties of sorghums selected 
from Table 1 and arranged to show their resistance or susceptibility 
to one or more of three forms of kernel smut The reactions obtained 
indicated that the vaiieties used could be placed in seven definite 
groups Kafir, broomcorn, kaoliang, shallu, and Red Amber sorgo 
are susceptible to all thiee foims and are designated as gi oup 1 
Group 2 consists of D\varf Yellow milo, began, and White Yolo, 
which are susceptible to fo}m 2 and resistant to foims 1 and 3. Some 
of the Red Amber X fetenta hybrids and Spur fetenta are resistant 
to all three forms and are placed in group 3 Group 4 consists of 
only one of the Red Amber X feterita hybrids, which is susceptible 
to forms 1 and 3 and resistant to form 2 Most of the feteritas and 
some of the kaferitas are resistant to forms 1 and 2 and susceptible 
to form 3, and are designated as group 5 Faigo Straightneck milo 
and Preino belong to group 6, being susceptible to forms 1 and 2 
and resistant to form 3 Group 7 consists of two selections of the 
milo X kafir cross, which is resistant to form 1 and susceptible to 
forms 2 and 3 

In 1929 it became e^udent that two additional foims of kernel smut 
of sorghum had been found. One collection came from a feterita plant 
growm at the agronomy farm, Manhattan, Kans , and a second was 
obtamed from J H. ^lartin, who found it on feteiita received from 
San Antonio, Tex., m 1927 These collections, together with the 
three forms previously known, w^ere used to inoculate a hmited number 
of sorghums, chosen as differential hosts The lesults presented m 
Table 3 indicate that these two additional collections are distinct forms 
of Sphacelotheca sorgki They aie, therefore, designated as forms 4 
and 5. Thus Dw^arf Yellow milo (C I 332) is susceptible to form 2 
and resistant to forms 1, 3, 4, and d. White Yolo (K B 2525) is sus- 
ceptible to forms 2 and 4 and resistant to forms 1,3, and 5 Pierce 
kaferita(K B 2547) , feterita X kafir (F C.L 891 7), and feterita (S P.L 
51989) are susceptible to form 3 and resistant to foims 1, 2, 4, and 5 
The kafir X feterita hybrid (H C. 2423) is susceptible to forms 3 and 5 
and resistant to forms 1, 2, and 4. 



6 


Journal of Agricultural Research 


Vol 44, No.l 


Table 2 — Percentage of smutted heads %n sorghums inoculated with three physio- 
logic forms of Sphaeelo' I €ca so^ghij at Monkattatif Kans , 1927 to 1929 ^ giottped 
accordtng to reaction 


Percentage of heads smutted after inoculation 
with— 


Var.Pt’-, --tiect un o- hv br 4 ' Accession Xo j j j fmUo) 1 


Form 3 
(fetenta) 


1 


a 


4 

5 


0 





,1927 

1928 

1929 

1927 ' 1928 

1929 ' 1927 

1928 

1929 

PiUk 

K 

B 2o0b.. 

. 36 7i 65 S 

18 8 

49 1 

37 2 

50 ol 50 3 

33 3 

27 8 

Acme hroomeurn 

C 

I 243 

- 17 S 

71 5 

23 0 

5 0 

28 8 

49 2 

5 3 

27 5 

26 5 

Manchu Browr kaoliang ' 

C 

I 171 

- 4S 0 

48 6 

12 0 

16 7 

18 8 

38 6 

19 5 

23 7 

36 0 

Shallu ' 

c 

I 85 

-1 66 7 

43 2 

19 8 

40 0 

33 2 

44 7 

22 0 

6 7 

42 1 

Red Amber sorgo 1 

K 

B 2504.- 

-1 26 5 

32 3 

17 1 

10 1 

19 8 

17 1 


15 1 

11 6 

Dwirf Yellow milo 

Z 

B 2515- 

.1 0 

0 

0 

22 S 

11 3 

18 Ol 

0 

0 

Do 

C 

I 332 

-i 0 

0 

0 

10 4 

10 7 

13 2 


0 

0 

Hesan - , 

K 

B 2518... 

-1 0 

0 

0 

2 9 

8 6 

1 0 

0 

0 

0 

“Do I 

K 

B 2537- 


0 

0 


9 0 

13 61 

0 

0 

White Yolo 

K 

B 2525... 

-1 0 

0 

1 2 

40 9 

60 3 

35 3 

0 

0 

0 

Red AmberXfeterita 

K 

B 2509.- 

-! 0 

0 

0 1 

0 

0 

0 

0 

0 

0 

Do - 

K 

B 2562.. 

J 0 

0 

0 j 

0 

0 

0 

0 

0 

0 

Do 

K 

B 2573... 

- 0 

0 

0 ' 

0 

0 

0 

0 

0 

0 

^pur fetenta 

K 

B 2540... 

-1 0 

0 

0 1 

0 

0 

0 


0 

0 

Red AmberX fetenta 

K 

B 2570- 

-1 21 5 

25 9 

13 8 

; 0 ! 

0 

0 

io 9 

18 1 

21 3 

Red-leafed fetenta. ' 

K 

B 2543... 

J 0 


0 1 


' 0 

0 


4 9 

3 9 

Fetenta 

g 

P I 519S9 

.1 0 1 

0 

0 

0 

1 0 

0 

24 8 

17 9 

2 6 

Pierce kafenta 

K 

B 2547... 

J 0 I 

1 0 ' 

0 


0 

0 


18 7 

20 6 

FetentaX kafir ’ 

F 

C I 8917. 


1 0 i 

0 

' _.i 

0 

0 


34 4 

2 4 

Fargo Straightneek milo 

C 

I 809 

.* 25 5 

1 19 2 

3 3' 

' 3 2 

4 4 

25 3 

0 

0 

0 

Premo 

F 

C I 8929 

-i 19 4 

1 17 7 

5 8i 28 1 

33 3 

16 7 

0 

0 

0 

Dwarf Yellow miloX Pink kafir < 

H 

C 257... 

J 0 

1 fi 

0 


26 1 

12 8 


12 3 

6 6 

Kafir Xn»io 2b-3-l-l 

1 

K 

B 2561.. 

- 0 

1 

0 


34 5 

37 0 

26 3 

10 9 

21 8 

13 0 


Table 3. — Peicentage of smutted heads in sorghums inoculated with five physiologic 
forms oj Sphaceloiheca sorghi, at Manhaitany Kans , 1929 


Percentage of heads smutted after inoculation 
with— ■ 


Vanetj , selection, or hybrid 

Accession No 

! 

Form 1 1 

, (kafir) 

Form 2 
(milo) 

1 

Forms 

(fetenta) 

Form 4 
(fetenta) 

Form 5 
(fetenta) 

Dwarf Yellow milo 

.! K B 2515 

0 

1 18 0 

0 

1 

0 

0 < 

Do 

. C I 332 

0 

13 2 

0 

0 

0 J 

■White Yolo 

. K B 2525 

12 

35 3 i 

0 

12 6 

0 ' 

Pierce kaferita 

- K B 2547 

0 

0 

20 6 

0 

0 i 

Fetenta X kafir 

. F C I 8917 

0 

1 0 

2 4 

0 

O'l 

Fetenta 

.1 S P I 51989 

0 

0 

2 6 

0 

0 ^ 

Kafir X fetenta 

.! H C 2423 

0 

«o 

“18 4 

0 

41 6 


« Percentage of smut obtained in 192h On account of shortage of seed there are no 1929 data on the re- 
action of these two forms 


For aid in identifying the five physiologic forms of kernel smut 
{Sphaceloiheca sorgM) the various groups of sorghums used to differ- 
entiate them are arranged in the follovung dichotomous key 

Key foe the Identification of Physiologic Poems of Sphacelotheca Soeghi 

A Kafir X feterita (H C. 2423), resistant 

B. Dwarf Yellow milo (C. I 332), highly resistant 

C White Yolo (K. B. 2525), resistant Form 1 

CC Yolo (K B. 2525), susceptible Porm 4. 

BB. Dw’arf Yellow milo (C. I 332), moderately susceptible Porm 2 

AA, Kafir X feterita (H- C. 2423), susceptible. 

B. Pierce kaferita (K. B. 2547), feterita X kafir (F. C. I. 8917),- 

and fetenta (S. P. L 51989), highly resistant Form 5. 

BB. Pierce kaferita (K. B. 2547), fetenta X kafir (F. C. I. 8917), 

and fetenta (S. P. I. 51989), susceptible Form 3. 
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MORPHOLOGIC CHARACTERS OF SPHACELOTHEC A SORGHI 

Ficke and Johnston {1) have sho^wTi that forms 1, 2, and 3 o 
Sphacelotheca sorgh% may be separated from one another when gro^vi 
on various artificial culture media, by the color, surface contoui 
consistency, margin, and rate of growth of the colonies They als( 
noted that sectormg was rather common in form 1, but rarely occurrec 
in forai 2 and was not observed at all in form 3 The cultural char 
acteristics seemed, according to these authors, to be fairly constant 
Their studies did not consider the possible morphologic difeerences o 
the fungus other than those exhibited in culture Observations b3 
these authors in the field did not indicate anj’ consistent difference ir 
shape, size, or color of the son. 


Table 4 — Data on approximate lengthy color y and degree of rupturing of son of fivi 
physiologic forms of Sphacelotheca sorghi in tuo series of smutted panicles of varieiiei 
and strains of sorghum^ at Manhattan^ Kans , 19<i9 


Physiologic form No 


1 -, 

2 -. 

3. 

4., 

o*'. 


I aenes 
I No of 
smutted 
pamclPs 


f 

■ I 
I 

■ I 
■{ 


1 

2 

1 

2 

1 

2 I 
1 : 
2 
1 


Average 

protru- 

sion 

Vane ties with 
membranes of 
indicated color 

Average 
degree of 
ruptur- 
ing of 

of sor 

I 

Brown 

WTiite 

mem- 
brane ** 

Mm 

3 7 

Xumber 

38 

Xumber 

1 0 

0 f 

3 8 

1 35 

0 

, 7 

4 0 

20 


2 7 

3 7 

' 21 

^ 16 

, 2 fl 


1 2 

1 35 

7 

1 5 3 

, 1 

35 

5 

. 3 4 

39 

0 

; 

3 S 

1 36 

0 

4 

' 4 1 

I 12 

1 4 

1 4 


« In recording the degree of rupturing of the membrane of the son, the material was dnided into five 
classes represented by the following units of measurement 0«No mpturmg, l«very few son ruptured 
and ruptured only to a slight extent, 2= few son raptured to a moderate extent, 3= many son ruptured 
to a moderate extent, and 4= most son greatly raptured 
^ Only 16 varieties were included, and 15 of the 16 pameles were only partially smutted 


In the present studies the sori of all five physiologic forms studied 
were carefully examined, both the chlamydospores and the mem- 
branes, as well as the general form and rupturing. Large numbers of 
chlamydospores of each form were measured All measurements fell 
within the range given for Sphacelotheca sorghi, namely, 5/x to 9^ 
The spores of all forms were found to be dark brown in color when 
observed in mass and olive brown when observed singly. Spores of all 
forms also were observed to be spherical or subspherical and rather 
tbick-walled and smooth. The characteristics of the membrane of 
the sori were studied in some detail by choosing a typical smutted 
head of each of the five physiologic forms occurring on 43 different 
varieties or selections of sorghum and placmg them on a table 
arranged by variety and smut form. The smutted panicles were from 
the same varieties as were used in the inoculation studies previously 
discussed For these studies of the sori an effort was made to choose 
varieties that were susceptible to aU five physiologic forms of the smut. 
Thus it was possible to compare the five forms on a number of the same 
varieties of sorghum In tne case of form 5, however, only 16 varieties 
developed smut. Observations were made on the approximate length,, 
color, and rupturing of the sori of all five forms of smut Both macro- 
scopicaUy and microscopically the sori were found to be typically 
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those ol sot gin and did not resemble those of S cruenta After the 
lust senes of panicles had been examined and the results recorded, a. 
second senes of typical smutted heads was chosen and similarly com- 
pared The lesults, as given in Table 4, are based on the two sets 
of observations 

The relative length of the son of each smutted panicle was recorded 
as long, medium, or short The piotrusions of the son beyond thc^ 
glumes for these three classes were Long, 5 to 7 mm , medium, II to 
5 mm , short, 1 to 3 mm Although no actual measurements were 
made, the range is so great, especially for the two extreme classes, 
that it IS not likely that any error m classification occurred In 



riGURF 1 —Physiologic forms of Sphacelotheca wrghi on Pink kafir A, Physiologic form I, mom- 
nianes of son brown and mostly unruptured, son shoit B, Physiologic foim 2, membranes of 
Mri may he white or light browm, badly ruptured, spores escapmg, son moderately short ('<, 

Phy siologie form 3, membranes of son white and mostly unruptured, son very long 1) Physio* 
logic form 4, membranes of son brown and iinruptured, son moderately long 

summarizing the data for Table 4, the number of individuals in each 
class was multiplied by the median of the class, the results added 
and divided by the total number of measurements This gave what 
appeared to be a reasonable figure for the average length of the sori 
for each physiologic form The color of the membranes of the sori 
was recorded as brovm or white, the total number of smutted panicles 
showmg each color for each physiologic form bemg given in the table 
It will be observed from the data in Table 4 that forms 1 and 4 
are characterized by membranes that are brown in color and only 
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slightly luptured The son aie intermediate in length The mem- 
branes of form 2 are either brown or white, depending on the variety, 
and usually they are considerably ruptured Foi in 3 is characteiized 
by long son with white 
membranes that are sel- 
dom ruptured to an ap- 
preciable extent In form 
5 the son are rather 
large and may have either 
brown or white mem- 
branes, with little ruptur- 
ing It IS also character- 
istic of form 5 to produce 
only partial smutting of 
the panicles Specimens 
of Pink kafir attacked by 
four different physiologic 
forms are shown m Fig- 
ure 1, and Manchu Brown 
kaoliang attacked by form 
5 IS shown in Figure 2 
From the data at hand 
it IS doubtful whether the 
five physiologic forms of 
Sphaceloiheca sorghi can 
be separated solely on the 
basis of observable differ- 
ences m the son This 
has not been attempted 
over a series of years or 
under different envii on- 
mental conditions How- 
ever, the data in Table 4 
indicate several striking- 
differences that may be 
helpful in making tenta- 
tive identifications 

DISTRIBUTION AND IM- 
PORTANCE OF PHYSI- 
OLOGIC FORMS OF 
SPHACELOTHEC A 
SORGHI 

Observations and rec- 
ords over a period of 
years show that the kafir 
kernel smut (form 1) is 
most common and wide- 
spread in the United 
States Form 2 is less 
common, but since it at- 
tacks many varieties that 
are susceptible to form 1 it may possibly become more common 
and become a problem in areas devoted to the imlo crop Such is 
the case m parts of New Mexico and Texas, and undoubtedly will be 



Figure 2 —Physiologic form 5 of Sphaceloiheca sorghi on 
Manchu Brown kaoliang A few florets m the tip of the 
head are smutted, while the remainder of the panicle is 
unsmutted This reaction to ph\ siologic form 5 is tvpieal 
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true m Kansas and other States where milo is an important crop 
Less is known at the present time about the performance md distri- 
bution of forms 3, 4, and 5, although the possibihty of their increas- 
ing IS an important consideration from the standpoint of breeding for 
resistance to the kernel smut of sorghum 

The occurrence of physiologic forms of kernel smut of sorghum 
that attack hitherto resistant or immime vaneties and strains has 
greatly comphcated the problem of breeding for resistance to kernel 
smut Smut-resistant hybrids produced several years ago at the 
Kansas Agricultural Experiment Station are now susceptible to one 
or more of the forms of sorghum smut, thereby reducmg the number 
which formerly were regarded as immune. 

Seed-treatment experiments (^, 4 , 5) conducted over several years 
have shown that sorghum kernel smut (forms 1 to 5) is effectively 
controlled by the copper-carbonate dust method. This method is 
almost exclusively used in Kansas because of its efficiency, ease of 
application, and cheapness 

SUMMARY 

Three years’ data on physiologic specialization of Sphacelotheca 
sorghi have been obtained. Eighty vaneties, selections, and hybrids 
comprising the various groups of sorghums have been used in testing 
five physiologic forms. 

These forms have been designated as forms 1, 2, 3, 4, and 5 They 
may be separated by the reactions of varieties of sorghums. 

There are no outstandmg morphologic differences between the 
chlamydospores of the five physiologic forms of Sphacelotheca sorghi 
studied 

One year’s data from comparative studies of the morphologic char- 
acteristics of the sori of the five physiologic forms of S. sorghi on a 
number of sorghum varieties have shown some rather definite differ- 
ences in length, color, and rupturing. 

Varieties such as durra, imlo, selections of feterita, darso. Dwarf 
hegari. White Yolo, and certain hybrids, which a few years ago were 
Imown to be highly resistant to or immune from Sphacelotheca sorghi 
infection, are now known to be somewhat susceptible to one or more 
physiologic forms. Of the varieties, selections, and hybrids so far 
grown, 1 selection of Spur feterita and 3 Red Amber X feterita crosses 
remam immune from all 5 forms of smut. The sorghum host range 
used in these studies, however, has not been exhausted. 

The occurrence of physiologic forms of smut that attack hitherto 
resistant or immune sorghums has greatly complicated the problem 
of breeding for resistance to kernel smut. 

There is evidence that form 1 is most common and most widely 
^stributed in sorghum-growmg areas of the United States Form 2 
is less common. Less is known about the occurrence and distribu- 
tion of forms 3, 4, and 5. 

Seed-treatment experiments conducted at Manhattan, Kans,, have 
shown that forms 1 to 6 may be controlled by the copper-carbonate 
dust seed treatment. 
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INHERITANCE OF HEIGHT IN BROOMCORN ' 


By John B Sieglinger 

Agronom'istj Division of Cereal Ciops and Diseases^ Buieau of Plant Indusby, 
United States Depot iment of Agncultuie 

INTRODUCTION 

Broomcorn {Holcus sorghum L , Soy^ghum vulgare Pers ) is a crop of 
which both the varietal and commercial classes are based upon 
differences in plant height The varieties of broomcorn that are, or 
have been, produced commercially in this country are divided on the 
basis of height into three groups — standard (tall), western dwarf, and 
whisk dw^arf ^ Records show that broomcorn of the standard type 
was imported mto the United States at an early date, while the west- 
ern dwarf and whisk dwarf types appeared later, with no evidence 
of foreign introduction The broomcorn dwarfs thus far observed 
have had shorter internodes but practically the same number of nodes 
as the standard type This fact has been so apparent (figs 1 and 2 } 
that the evidence of detailed counts of the number of nodes is not 
considered necessary 

In the course of varietal improvement crosses were made between 
varieties of the several types of broomcorn The unexpected occur- 
rence of plants of standard height in a cross between two dwarf types 
indicated the need for a study of height inheritance in broomcorn 
This paper gives the results of such an investigation 

CROSSES STUDIED 

Crosses were made at the United States Dry-Land Field Station, 
Woodward, Okla , m 1919, between a strain of standard broomcoru 
(Evergreen, C I ^ No 556) and a western dwarf variety (Acme, C 1 
No 243), and also between a whisk dwarf variety (Japanese Dwarf, 
C I No 442) and the Evergreen variety The average heights of 
the three parental varieties in an 8-year period were Evergreen, 97 
inches; Acme, 57 inches, Japanese Dwarf, 42 inches The crossed 
seeds were planted and produced Fi plants in 1920 In 1921 two 
8-rod rows of the F 2 generation of the cross between Evergreen and 
Acme were grown and height data were obtained Measurements of 
the parental varieties in adjoining rows also were obtained 

A number of broomcorn crosses were again made in 1923 to study 
the inheritance of the broomcorn height factors These included 
Acme X Evergreen, Japanese Dwarf X Acme, and Japanese Dwarf 
X Evergreen It was expected that height data could be obtained 
from the F 2 generations of these crosses in 1925 The season, however, 
was unfavorable for normal height development of most broomcorns, 
especially the standard varieties, and consequently height measure- 
ments were not taken 

In 1927 to obtam additional data a cross was again made between 
the Acme and Japanese Dwarf varieties 

1 Eeceived for publication June 30, 1931 issued February, 1932 

2 Sieglinger, J B broomcorn experiments at the united states dri-l vnd field station, yrooD- 

WARD, OKL\ XT S Dept Agr Tech Bui 61,32p,iUus 1928 

C I refers to accession number of Division of Ceieal Ciops and Diseases, formerly Office of Ceioal 
Investigations 

Journal of Agricultural Reseat ch, 

W'a&hmgton, D C 


( 13 ) 


Vol 44, No 1 
Tan 1, 1932 
Key No G-714 



14 


Journal off AgrievMural Research 


Vol 44, No, 1 






Jan, 1, 1932 


Inheritance of Height in Broomcorn 15 



PiGUBE 2 —Stalks representative of the four phenotypes of the F 2 cross, Acme X Japanese Dwarf 
broomcorn (Parent plants at left) 
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RESULTS 

STANDARD X DWARF CROSSES 

The average heights of the Fi plants m comparison with the dwarf 
and standard parents are shown m Table 1 It is realized that these 
numbers are too small to be statistically reliable, but it is apparent 
that the Fi plants weie about as tall as the Evergreen (standard) 
parent. This shows a dominance of the standard height 


T\ble 1 —Height of patenh and Fi hoomcom ciosses in 192 


\ ariety 

Group 1 

Number 
of plants 

Height 

Evergreen 

Standard 

? 

4 

Inches 

103 rfcO 1 

02 dr 6 

41 8d= 8 
90 

101 5±1 T) 

Acme 

Western dwarf 

rapmese Dwarf 

Whisk dwarL. 

6 

Japanese E w arf X E vergreen. . 


1 

Acme X Evergreen 


' 4 



1 


The results I'rom the F 2 progenies m 1921 (fi^ 3) showed a simple 
3 • 1 segregation of standard and western dwarf types in the cross ol 
Evergreen X Acme and its reciprocal Of the 767 plants, 582 were 
of the standard tj^pe, averagmg 112 0±0 20 mches m height, and 
185 were of the western dwaif type, having an average height of 
60 5 ± 0.3 mches 



The adjoining rows of the parental Evergreen variety averaged 
119 6 + 03 mches, and Acme averaged 63 8 ±026 inches m height 
There was no difficulty m classifying the two Pa types, as is evident 
from Figure 3 

The following year, 1922, 12 rows of the Evergreen X Acme cross 
were grown from selfed Fa heads Six of these rows, from plants 
classed as dwarf in the Fa generation, produced only dwarf plants in 
the Fa generation Of the six rows from plants classed as standard 
m the Fa generation, five segregated for standard and dwarf plants 
and one was pure for standard height 
The Acme X Evergreen cross in 1925 agam produced standard and 
western dwarf types m the Fa generation in the ratio of 3 : 1, thus con- 
firming the 1921 results on this cross 

1 .?^® above results show that the standard (tall) type of broomcorn 
differs from the western dwarf type by a single height factor. 
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WHISK DWARF X WESTERN DWARF CROSSES 

The average height, m 1924, of 12 Fi plants of a cross between 
Japanese Dwarf (whisk dwarf) and Acme (western dwarf) broomcorn 
was 101 4 ± 0 8 inches In this experiment six Japanese Dwarf plants 
averaged 41 8 ±0 8 inches and four Acme plants averaged 62 ±0 6 
inches m height Plants of the Fi hybrid and the two parents are 
shown in Figure 1 Evergreen (standaid) plants under the same con- 
ditions averaged 103 ±0 4 mches m height, or almost the same as the 
Fi plants from the cross between the two dwarf varieties This 
indicates the presence of complementary height factors in the two 
dwarf types 

The Fi plants of the above cross grown in 1928 averaged 86 inches 
in height, as compared with 53 inches for Acme and 40 inches for the 
Japanese Dwarf parent 

The Japanese DwmrfxAcme cross produced plants in the Fa 
generation, in 1925, corresponding in height to the Fi (standaid) 
plant and to each of the dwarf plants In addition there appeared a 
fourth class of extremely short or '^double dwarf^^ plants (Fig 2 ) 
The plants of the dwarf groups could not all be accurately classiiiecl 
for height, however, because of the unfavorable growing conditions 
in 1925 

The double dwarf type of plant is not represented by any commer- 
cial variety of broomcorn Extra dwarf or double dwarf plants have 
been observed, however, in other sorghum groups, particularly in 
milo, of which the Double Dwarf variety is extensively grown The 
double dwarf type of broomcorn was fiist observed m 1921 m the F 2 
progeny of a natural hybrid plant of standard height found in a field 
of Japanese Dw^arf broomcorn The 275 plants of this natural hybrid 
population segregated into 167 standard plants, 47 ivestern dwarf, 48 
whisk dwarf, and 13 double dwarf plants, closely approaching a di- 
hybnd ratio A true breeding strain of double dwarf broomcorn 
from this cross has been maintained since 1921 

Remnants of seed from Fi plants of the Japanese Dw^aifXx^cme 
cross were sowm in 1926, but they germinated poorly Five 8-rod row’s 
contained a total of only 196 plants These w’ere measured and classi- 
fied, and observed groupings are compared in Table 2 with the calcu- 
lated numbers based on a 9:3:3.1 ratio This distiibution gives a 
X ^ value of 1.97, wuth P== 0.579, w’hich indicates that a deviation as 
great as or greater than that obseived may be expected to occur about 
SIX times in 10 as a result of random variation 

Table 2 — Bioonuo)n plants (lom F\ seed menhined and cla,s6'ified, with tahukded 
numheih babcd on a 9 3d 1 latio 


Phenotype 

Obsei ved 

Calculated 

Mean height 

standard- - - - 

i 

115 

110 25 

Inches 

95 8 

Western dwaif . , 

40 

36 75 

57 2 

Whisk dwarf * 

32 

3() 75 

44 4 

Double dwarf. 

9 

12 25 

24 9 




In 1929 five 8-rod rows of the F 2 generation produced 525 plants 
These and a number of plants of the parent varieties w^ere measured 
for height. Although the development of the F 2 plants w^as fairly 

09475—32 2 
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satisfactory, there was not a clear-cut difference between the three 
dwarf classes in 1929 but a partial blending from one height class to 
the next. (Fig 4 ) There was no overlapping between the height 
of western dwarf and that of standard, though the difference in 
height was less pronounced than it would have been had the plants 
been grown under better environmental conditions. The measure- 
ments of the parent and F2 populations and the segregation of the 
latter are shown in Table 3 and Figure 4. 


Table 3 — Height of parents and F 2 plants of a cross between whisk dwarf and 
western dwarf broomcorn in 1929 


Height class 

Total 

plants 

Range in ! 
height 

Mean height 

Standard 

deviation 

Coefficient 
of varia- 
bility 

Parents 

Number 

Inches 

Inches 



Whisk dwarf 

45 

32-45 

39 0±0 3 

3 22 

8 25 

Western dwarf 

53 

49-64 

57 b± 3 

3 20 

5 56 

Fa hybrids 

Double dwarf 

34 

13-31 

24 6=fc 5 

4 58 

18 62 

Whisk dwarf 

94 

32-47 

40 5=b 28 

4 OS 

10 07 

Western dwarf 

104 

48-68 

55 6db 29 

4 44 

7 99 

Standard 

293 

73-112 

1 9l4d= 29 

7 39 

8 08 


About 200 of the F2 plants were selfed, and m 1930 progenies from 
112 typical plants, representing all height classes, were grown in head 



Figure 4 —Height of Fa plants of a broomcorn cross (Acme X Japanese DwarO and of the parent 

varieties, 1929 

rows to observe their genotypic behavior in the F3 generation. The 
study of these F, progenies showed that the classification of the 
plants for standard height in the F2 generation was correct. M of 
the 44 standard F2 plants produced some standard plants in the F3 
generation. There was a discrepancy m classifying the double 
dwarfs because several of the very short plants produced hetero- 

g zygous whisk dwarf progenies in the Fg generation. Also, a few F2 
.ants that were classed as western dwarf proved to be whisk dwarf” 
ased on the proportions observed and the behavior of the 112 F3 
prog^es produced in 1930, the corrected numbers in the entire Fg 
population of 525 plants were as shown in Table 4. 

This distribution gives a x* value of 6.11 and a P value of 0.108. 
A fit as poor as the foregoing may be expected once in nine or ten 
tunes as a result of random variation. 
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Table 4 — Observed and calculated numbers from entire F 2 population of 525 broom^ 

corn plants 


PheAotype 

Observed 

number 

Calculated 

numbei 

Deviation 

Double dwarf.. 

22 

32 8 

10 8 
15 6 
2 4 

. Wbisk dwarf „ 

114 

98 4 
98 4 

W estem dwarf 

96 

Standard- 

293 

295 4 

2 4 



Of the 44 F3 progenies from standard phenotypes in F2, 3 were 
pure standard, 6 segregated into approximately 3 standards to 1 
whisk dwarf, 18 segregated into standards and western dwarfs, and 
17 produced standard, western dwarf, whisk dwarf, and double 
dwarf plants. There was no noticeable relation between the height 
of the F2 standard plants and their genotypic constitution, as deter- 
mined by growing F3 generations from them. 

DISCUSSION 


From the above results it is apparent that both western dwarf 
(Acme) and whisk dwarf (Japanese Dwarf) types of broomcorn differ 
from standard (Evergreen) broomcorn by smgle height factors. The 
height factor present in western dwarf is not the same as the one in 
whisk dwarf broomcorn. For convenience the height factors con- 
cerned may be considered as AAdd m western dwarf, oaDD in whisk 
dwarf, and AADD in the standard type. The Fi cross of the two 
dwarfs gives a plant of the constitution AaDd. The factors A and D 
are completely dominant, as the Fi plant AaDd is as tall as a plant 
of AADD constitution. In the F2 generation the following factorial 
combinations are obtained; 


4 AaDd 2 Aadd 

2 AaDD 1 ^Add 

3 western dwarf 

2 AABd 


2 aaDd 1 aadd 

1 double dwarf 

1 aaPD 

3 whisk dwarf 


1 AADD 
9 standard 

Examples of each of the above genotypes were obtained in the 112 
strains in the E3 generation in 1930. 

Because of the lack of information regarding the origin or introduc- 
tion of the whisk dwarf and western dwarf types, it is probable that 
both originated as mutations from some standard variety by the loss 
of a smgle but different height factor. The whisk dwarf appeared on 
farms about 1860, and the western dwarf type some 20 years later. 

The dwarf broomcoms have a parallel in com dwarfs,^’® with the 
exception that broomcorn reproduces normally even m the double 
recessive condition. Also, there is no apparent reduction in the quan- 
tity of seed produced by the presence of either recessive dwarf factor 
in broomcorn. (Fig. 2.) Based on the com analogy,® standard broom- 
corn would be considered as the normal type. 


* Emerson, R A , and Emerson, S H genetic interrelations op two andromonoecioxjs types 
OP MAIZE, DWARF AND ANTHER EAR GcnCtlCS 7 203-236, lllUS 1922 
5 Kempton, J H. inheritance op dwarfing in maize Jour Agr Research 25 297-321, Ulus 1923 
« Emerson, R. a , and Emerson, S H. Op cit (See footnote 4 ) 
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Standard broomcorn attains a height of from 9 to 12 feet iindei 
favorable conditions The Fi plants of crosses between dwarf broom- 
corn and any other sorghum are about this same height, and thus 
suggest a simple explanation for at least a part of the ''hybrid vigor’' 
obtained m the Fi crosses Othei sorghums apparently usually carry 
the missing D or other complementary height factors, the result in 
crossmg dwarf broomcorn with othei sorghums bemg an Fi plant 
the height of standard broomcorn and taller than most of the common 
sorghums The Fi plants of crosses between different sorghum 
groups usually are tall and exhibit hybrid vigor The two height 
factors here described, however, do not account for other manifesta- 
tions of hybrid vigor in sorghums, such as late maturity, thick culms, 
and an increased number of nodes 

SUMMARY 

Broomcorn is divided into varietal and commercial classes mainly 
on the basis of relative height 

In crossing a standard (tall) broomcorn with western dwarf or 
whisk dwarf broomcorn, an Fi plant the height of the standard parent 
IS obtained A smgle-factor segregation of three tall to one dwarf is 
obtamed in the F^ generation 

A cross of western dwarf and whisk dwarf broomcorns gave an 
Fi plant the height of standard broomcorn The F 2 generation gave 
a 2-factor segregation of 9 standard to 3 western dwarf to 3 whisk 
dw^arf to 1 double dwarf 

Considering standard broomcorn as possessmg two height factors, 
A and D, the western dwarf lackmg the D factor, and whisk dwarf 
lackmg the A factor, a simple explanation is apparent for the standard 
height of the Fi cross between these two dwarfs and for the tall 
Fi plants obtamed when either type of dwarf broomcorn is crossed 
with other sorghums The tall Fi plants usually are considered 
entmely a result of hybrid vigor 



DEHISCENCE OF THE BOLL OP LINUM RIGIDUM AND 
RELATED SPECIES ' 


Bv A C Dillman, Associate Agi onomistj and J C Beinsmade, jr , Assistant 

Agronomisty Division of Ceieal Ciops and Diseases j Bateau of Plant Industry, 

United States Depaitmeni of Agncultiae ^ 

INTRODUCTION 

The purpose of this paper is to describe the mechanism of a yery 
unusual method of dehiscence of the boll or capsule in the yellow- 
flowered flax, Linum rigidum Pursh, and in several related species 
native to the Great Plains area of North America extending from 
Canada to Mexico The dehiscence of L ngidum is entirely different 
from that of other species of the genus Lmum and of dehiscent fruits 
of other plants 

In the common cultivated flax, L%num us'itahssimnm L , the bolls 
are either semidehiscent, that is, they open at the apex apd crack 
slightly along the margms of the segments, as m the fiber and seed 
flaxes commonly grown m Europe and the United States, or they are 
mdehiscent, as in most varieties of Argentina and India In another 
distinct type, L us'itatissimum crepitans Bonnmgh , the bolls are 
widely dehiscent so that the seeds fall as soon as the bolls are ripe. 
Several regional strains of this dehiscent flax have been described 
recently by Elladi,'^ a Russian investigator This variety is grown to 
a limited extent m the Ukrame and is found also m Portuggd, Spam, 
Austria, Germany, and eastern Russia. Dehiscence occurs also in 
L angustifolimn Huds , which Tammes ® suggests may be the wild 
prototype of our cultivated flax, as the two species hybridize readily 
and produce fully fertile seeds. Prompt dehiscence of the ripe bolls 
also occurs in most wild species, mcludmg L perenne L of Europe 
and L, lewisii Pursh, the somewhat similar perennial flax, which is 
native to the Great Plains and Rocky Mountain region of North 
America. 

In the several species mentioned, dehiscence is due simply to dehy- 
dration and shrinkage of certain tissues, or to the greater or unequal 
shrinkage of certain parts of the boll The semidehiscent bolls of 
common flax, and even the fully dehiscent bolls of the variety crepi- 
tans, will close if wet by ram or dew, and open agam as they dry out 

DEHISCENCE IN LINUM RIGIDUM 

In the species Lmum ngidum and the several evidently related spe- 
cies the mechanism of dehiscence, if it properly can be called dehis- 
cence, IS very different from the species described above In L rigi- 


1 Received for publication June 30, 1931, issued February, 1932 ^ 

2 The writers desire to acknowdedge the generous cooperation of F H Hillman, botanist, Division of Seed 
Investigations, Bureau of Plant Industry, who made the drawings shown m fig 2, and of Merritt N Pope, 
agronomist, Division of Cereal Crops and Diseases, who made the section of the boll of Lmum ngidum 
shown m fig 3 

2 Dillman, A C dehiscknce op the fla^ boll Jour Amer Soc Agron 21 832-833, illus 1929 
^FLLAPr, R V, PI WITH UFHT!: CENT CAPSULES Trudy Prikl Bot iSelek (Bui Appl Bot and Plant 
Breeding) 22 4v5f)~47l, illus 1929 [In Russian English summary bv C Elladi, p 470-471 ] 

* Tammes, T the oenetics of the genus iinum Bibliographia Genetica4 1-36 1928 
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dum the ripe bolls remain tightljr closed however dry they may become, 
but open wide when wet by rain or dew. This mechanism has not 
been described heretofore, so far as the writers have been able to learn. 
It was first observed m July, 1926, at Mandan, N. Dak., where the 
species is widely distributed on the native short-gi-ass sod. In e.xamin- 
mg some plants one morning when they were wet with dew it was 
seen that the bolls were wide open, whereas they had been closed the 
previous evenmg Later in the day some dry plants were dipped m 
water and the bolls opened at once. 



FmxTRTi 1 —A, Plant of Linum berloTidim showing the mature bolls in dry condition B, A panicle 
branch and detached bolls (c), which were dipped in water just before the photograph was 
taken, showing the appearance of the bolls as they open when wet Plants collected near San 
Antonio, Tex , May 24, 1931 

^ A photograph of a plant of Linum berlanduri Hook., a species very 
similar to L. rigidum, coUeeted near San Antonio, Tex , is shown in 
Figure 1. The appearance of the mature bolls as they open when 
wet can be seen on l^e panicle branch (B) and in the single boUs (a), 
which were dipped in water just before the photograph was taken. 
The immature bolls, with sepals stfll attached, did not open. 
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THE ORGAN OP DEHISCENCE 

The organ of dehiscence in Linum rigidum is shown in Figure 2. 
The ovary of the flax flower consists of five carpels which form the 
five segments of the mature boll or capsule. In L. rigidum the five 
carpels separate in the mature boll (fig. 2, A, a), each carpel having 
two seeds inclosed in the membranous sac (endocarp), which has 
openings at the apex through which the seeds may escape. (Fig. 2, 
C, a.) The two seeds in each carpel are separated by a septum 
attached to the outer wall. Each segment of the boll is attached 
to the receptacle by a hingelike organ which consists of two distinct 
tissues. The outer tissue, which functions as a hinge, is wax yeUow, 
translucent, tough, pliable, and nonabsorbent. (Fig. 2 A, h; B, 5.) 
The inner tissue consists of four or five rows of colorless hygroscopic 
motor cells which absorb free water very rapidly. (Fig. 2, 0, 6.) 
If a small drop of water is placed on the outer tissue at the point 6 it 



PiGXJEE 2 —A, Mature boll of Linum rtgidum to dry condition; B, the same boll beginnmg to 
open a few seconds after a drop of water had been placed at the orifice c, O, the boll fully open 
The five segments (a) of the boll are separated and each is attached at its base to the receptacle 
by a hmgelike organ, b The minute orifice (c) allows water to enter the boll, where it is rapidly 
absorbed by the colorless tissue C, 6, which swells and pushes outward the separate segments, 
thus opening the boll The fluted pedicel (e) bears a sort of capital (d), which in overripe 
plants IS finally separated by abscission from the remainder of the pedicel The growing seeds 
(ovules) appear to be attached by a short placental thread to the apex of the central placental 
column shown in 0, 6 

■will not be absorbed. If, however, the drop of water is moved to 
the margin of the orifice (fig. 2, A, c), it will be absorbed rapidly by 
the iimer tissue of the organ and in about 20 seconds the boll wiU 
begin to open, (Fig. 2, B ) In about a minute the boU -will be 
completely open as in Figure 2, C. 

This mechanism suggests the mechanical principle of the thermo- 
graph in which the differential expansion of two metals due to tem- 
perature changes is made use of. In this organ of the flax boll the 
differential expansion, due to absorption of water by the inner tissue 
and nonabsorption by the waxlike outer tissue, pushes outward the 
separate segments, thus opening the boU. A small drop of water, 
or a film of water in the form of dew, is sufficient to open the boll. 
The boE wiE open completely in about 1 mmute after wetting, and 
wEl close a^ain as soon as the inner tissue dries out, usuaEy m 5 to 
10 minutes in a dry warm room 
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This remarkable organ is not mjiued by use oi incapacitated by 
leasonable age The bolls of one plant m the possession of the senior 
wiitei have opened and closed probably a hundred times by wetting 
and diving during a period of two yeais The bolls of specimens 20 
to 50 years old in the National Herbarium at Washington opened 
readily when a drop ot water was placed on them A specimen of 
Linum mulhcaule Hook collected in 1846 (now 85 years old) reacted 
weald^^ to waim watei 

Photomicrographs of a section of the boll of Linum ngidum are 
shown in Figure 3 In A, the section shows one segment of the boll 
with the inclosed seed (a), the motor organs of two segments (b), the 



FiGrBE 3 --A, A ertical section ol the boll *ind pedicel of Limm ngiduni, bhowmpr outline of a seed. 
^ H upper c<ipitallike portion of the pedicel, d, and the point of abscission, 

F u ^ -^aotor or^fin, shown in detail The ligmfied cells, a, form a stiaplike hinge to 
w hich the mass of vrater-absorptive motor cells, 6, are attached X 72 


capitalhke portion of the pedicel (d), and the area of abscission 
apparent that abscission is not due to the formation of 
special cork cells, as occurs m many plants, but is simply the separa- 
tion ot certam cells in a definite area of the cortex of the pedicel. 
In B, the motor organ is shown m more detail It consists of a sup- 
porting tissue (a) of thick-walled cells which form the straphke 
hinge, and a mass (6) of colorless thm-walled motor cells By the 
use of a microscope these motor cells can be seen to expand mstantly 
when a film of water is added to a thin dry section of the organ. The 
section shown in this figure was stained with two dyes, the motor 
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cells staining dark violet with haeniatoxylin and the straplike tissue 
staining red with safranine. 

SHEDDING OF THE BOLL 

This mechanism of dehiscence appears to be a remarkable provi- 
sion of nature to assure the distribution of the seed on wet soil under 
conditions favorable for germination In practice, however, it is not 
highly effective The seeds may be retained lor a considerable time 
within the sacs, but finally emerge through the openings at the tip of 
the segments (Fig 2, C, a' ) The mere opening of the boll after 
wetting IS not sufficient to insure shedding of the seeds The applica- 
tion of some force, as a beating ram or a high wind, seems to be 
required to cause the seed to be shed Moreover, the seeds are slow 
to germinate, a considpable period of wet weather, or more likely a 
freezing temperature, is required before the seeds will grow As a 
matter of fact, the bolls may be shed from the plant before the seeds 
escape 

The shedding of the boll is brought about by abscission tissue winch 
cuts off the upper portion of the short pedicel in the form of a sort of 
capital (fig 2, A, <i), to 'which the boll is attached The fluted pedicel 
{e) with its capital is suggestive of a minature Corinthian column 
In overripe plants this part (d) of the pedicel separates at the line of 
abscission (the dark line shown in the drawing) from the remainder 
of the pedicel The bolls also are sometimes broken off at the re- 
ceptacle, the place of attachment to the pedicel, instead of at the 
usual line of abscission. 

SPECIES OF LINUM DEHISCENT WHEN WET 

In the classification of the family Lmaceae, Small ^ in his key to 
the genus Cathartohnum distmguishes a group of species as fol- 
lows. Sepals deciduous, capsules 'with cartilaginous thickenings at 
the base. VII. Rigida No further mention is made of these 

cartilaginous thickenings” in the detailed descriptions of the species 
listed. This is the only reference that the writers have found to this 
organ of dehiscence in Lmum ngidum and related species. 

The absence of sepals is characteristic of the ripe bolls The 
deciduous sepals are broken off by the first opening of the mature 
bolls, which occurs when they are wetted by dew or ram Sepals are 
present on the green and immature bolls. 

The senior writer has examined all species of Linum and Catharto- 
Imum found in the National Herbarium and has observed that this 
organ of dehiscence is present only m the species listed by Small in 
his groups Rigida and Multicaulia In a fe'w immature specimens it 
could not be determined whether the mechanism was present, although 
very likely it is characteristic of all species m the group Rigida. It 
was definitely present and operative, when a drop of water was 
applied to the bolls, in one or more specimens of the species listed in 
Table 1. 


<^Small, J K iiNACEAL /n North American Flora 2') (pt 1) 67--87 New York 1907 
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Table 1 — Species of CothoTtolifiuTfi in the ISfutionol HevhciTiuin iti which the holls 
were found to he dehiscent when wet 


National 

Herbarium 

specimen 

No 

Species 

Locality 

Yeai col- 
lected 

691099 

891067 

13717 

739639 


New Mexico 

1912 

rin 


1916 


Mexico boundary survey 


rto - _ 

New Mexico 

1902 

n, ftifvtfiTpi _ _ _ 


359825 

13713 

265733 

13709 

604824 

1004467 

13691 

n ftiistralft 

Chihuahua, Mexico 

1899 

C rigidum ^ - - 

New Mexico - 

1869 

do 

Kansas - 

1893 

do _ _ 

Oklahoma 

1891 

C, berlandieri 

Texas. - 

1914 

0 aristatum - 

Puebla, Mexico.. 

1907 

C multicaule... - 

Texas 

1846 

589482 

do 

Oklahoma - 

1913 




As stated above, the organ was not found in any species except in 
Group VII, Rigida, and the one species Cathartolinum multicaule in 
Group VIII, Multicaulia. It is probable that this species properly 
belongs in the group Rigida. 

This organ of dehiscence is so distinctive that it might very well 
be used as a generic character to distinguish the group of species in 
which it is present. It is very evident that these species are closely 
related, and, so far as known, they are native to the Great Plains and 
adjacent areas in North America The character of dehiscence in 
these species is just opposite to that of other species of Linum and 
of the dehiscent pods of other plants. The boUs of these species open 
by wetting, the others by drying. Possibly this distinctive organ 
and its operation should be denned by new terms 

In Britton's Manual Linum rigidum is described as perennial 
(?) " At Mandan, N. Dak , L rigidum is either an annual or a 
'v^ter aimual. Numerous mature plants have been marked from 
time to time, but none of them has lived over winter Seeds have 
been sown in the fall, but germination has not been observed except 
in the fall of 1930, when a long period of wet weather brought about 
germination It is probable that many plants are winter annuals, 
the seedlings overwintering under the protection of prairie grass and 
snow 

SUMMARY 

This paper describes a peculiar plant organ that occurs in the 
bolls^ or capsules of the yeUow-flowered flax, Linum rigidum Pursh, 
and in those of several related species native to the Great Plains of 
North America The capsules of these species open when wet by 
rain, in contrast to those of other flaxes and the pods of legumes, 
which dehisce by drying The opening of the capsule in L. rigidum 
is dependent on the definite action of a hingelike organ which forms 
the attachment of each segment of the capsule to the receptacle. 
The five segments of the boll are pushed open by the rapid expansion 
of the inner tissues of the organ, which absorb water tteough minute 
orifices at the base of and between the segments. So far as the 

^ Britton, N L. nANtJAL of the flora of the northern states and Canada. 1080 p New York 
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writers are aware, this organ of plant movement has not heretofore 
been described. 

It is suggested that new terms be used to distinguish this organ 
and its action from the dehiscence of dry capsules. It is believed, 
also, that a separate genus might properly be made of the group of 
related species now included in the genus Cathartolinum of Small, 
which are distinguished by this peculiar organ of the capsule The 
organ probably occurs in all of the 14 species listed by Small under 
his groups Rigida and Multicauha. 




EFFECT OF TEMPERATURE ON RATE OF DECAY OF 
SUGAR BEETS BY STRAINS OF PHOMA BETAE ‘ 

By C M Tompkins,^ formerly Assistant Pathologist^ and Dean A Pagk^“ 
formerly Associate Agioyiomist^ Division of Sugar Plant Investigations, Bureau 
of Plant Industry, United States Depaitment of Agriculture 

INTRODUCTION 

Tompkins and Nuckols^ noted recently the importance of Phoma 
betae (Oud ) Frank as a wound parasite of stored sugar beets No 
scientific data are available concermng the effect of environmental 
conditions that might conceivably favor or retard penetration of the 
exposed tissues of the sugar-beet crown by the fungus During the 
years 1926 to 1929 the writers made detailed ecological observations 
at commercial storage piles m northern Utah Accumulated evi- 
dence soon indicated that temperature probably constitutes one of 
the most important of the environmental factors associated vith 
crown rot of the sugar beet m storage 

This paper reports the results of studies on the relative rate of 
decay of sugar beets brought about by four isolations of Phoma betae 
under controlled temperature conditions and on the relation of 
tempeiature and storage period to the quantitative effects of each of 
these four isolations as decay producers 

STRAINS OF PHOMA BETAE USED 

Four isolations of Phoma betae were employed in the experiments 
herein reported The sources of this material are shown in Table 1 
All the pure cultures were originally obtained by making mono- 
sporous cultures, following which Brown’s method^ was used in order 
to insure freedom from bacteiial contamination The isolations 
were then thoroughly tested for pathogenicity to mature beets by 
inoculating fleshly exposed crown tissues 


Table 1 — Sowce of matenal of Phoma betae used Joi inoculation 


Culture No 

Souiec (Logan, Utah) 

Date of orig- 
inal isolation 

252 

Field 

Oct 18, 1927 

259 

Storag(' pile __ 

Nov 30,1927 
Do 

Do 

260 

261 



> Kecoivcd for pubheat ion Inly 14, 1931, jssucil February, 1932 
^ Resigned lari 15, 1930 
1 Resigned Nov 30, 1929 

^Tompkins, C M , and NuricoLs, S B devplopmentopstorvge DihE\sES in soirMi beets rfsult- 
ING FROM HOOK INJURY Phytopathology 18 939-911, illus 1928 

and Nuckols, S B the relation op type oi topping to storage ios&es in sugar beets 

Phytopathology 20 621-635, illiis 1930 

a Brown, W two mycological methods i a simple method of freeing fungal cui tubes prom 

BACTERIA II \ METHOD OP ISOLATING SINGLE STRAINS OF FUNGI BY CUTTING OUT A HYPH \L TIP Ann Bot 
[Loudon] 38 401-404. 1924 
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The size of spores was determined only for isolations 252 and 259, 
since isolations 260 and 261 did not readily form mature pycnidia on 
prune agar except with extreme age ^ Pycnidia selected from 20-day- 
old cultures were crushed in glycerin. One hundred spores from 
each of the two isolations were measured with a filar micrometer 
The mean length and the mean width of the spores from both isola- 
tions are given m Table 2, 


Table 2 — Measurements of spores from two 20-day-old cultures of Phoma betae 


strain No 

Length 

Width 


P 

A 

252 

5 595dz0 047 

3 815±0 028 

259 

4 756d= .073 

3 349± 03b 

Difference 

.839d= 087 

466db 04b 


The spores of isolation 252 are significantly longer and wider than 
those of isolation 259, as shown by the differences 0 839 ±0 087 and 
0 466±0 046, respectively Because of (1) this significant difference 
in spore size, (2) distinct differences between the various isolations 
observed in culture, and (3) the difference m aggressiveness shown in 
attacHng sugar-beet tissue, discussed later m the paper, these four 
isolations are considered as representing four strains of Phoma betae 

METHODS USED IN DETERMINING RATE OP DECAY 

Since the techmc used m the experiments varied, details are given 
for each experiment in chronological order In all experiments sound, 
healthy beets were used In order to expose fresh tissue free from 
cork cells all crown tissues above the base of the lowest leaf scar were 
removed prior to inoculation by means of a steel knife that had been 
dipped in 95 per cent alcohol and flamed. Either whole beets or sec- 
tions of beets were inoculated as indicated below. The inoculum, 
comprising vigorous growing colonies of the four strains of the fungus, 
was prepared in Petri dishes containing approximately 20 c. c. of 
freshly prepared prune agar The age of the inoculum varied slightly 
in each of the experiments The inoculum with agar substratum was 
added in each case so as to cover the exposed surface of the crown 
The inoculum was thus in direct contact with the cut surface of the 
beet tissue, and the agar served as a protective agency against desic- 
cation. As a further precaution against premature drying of the 
inoculum, a piece of sterile absorbent cotton moistened with sterile 

of the inoculum and held there by means 
of adhesive tape.^ Unless otherwise indicated, inoculated beets were 
rolkd up m glassme bags to prevent drying of the host and fungus 
Details for each of the four experiments are as follows t 


Experiment 1 

Storage period, January 10 to February 20, 1929, 41 days. 

Age of inoculum, 15 days. 

Purpose of experiment: 

determine the effect of temperature on the organism and the host. 
To determine rate of decay production for each fungus strain, 

+1 moculatum with the various strains, were placed at the four dif- 
ferent temperatures m the control chambers, as shown m Table 3 

ea^ beet, of dis- 

easea tissue, and of tne remaining healthy tissue were taken. 
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Experiment 2 

Storage period, February 20 to April 1, 1929, 40 days. 

Age of inoculum, 17 days. 

Purpose of experiment Same as in experiment 1. 

In order to avoid as a possible source of error the variability in morphology 
and chemical composition of individual beets, one-fourth sections of beets were 
used instead of whole beets. The crown tissues were removed as in experiment 
1, and the beets were then quartered longitudinally. 

Procedure for determining the effect of (1) temperature and (2) pathogenicity 
of strains: 

(1) The four one-fourth sections of the same individual beet were inoculated 
with the same fungus strain, after which each one of these quarters was sub- 
jected to a different temperature m order to determine the effect of temperature 
on the fungus strain and the host 

(2) In a second test each one of the four sections of an individual beet was 
inoculated with a different strain of the fungus and suboected to sirmlar con- 
trolled storage conditions in order to determine more accurately the relative 
pathogenicity of each organism 

At the conclusion of the experiment observations were made on the weight of 
both diseased and healthy tissue. 

Experiment S 

Storage period, April 4 to May 8, 1929, 34 days. 

Age of inoculum, 20 days. 

Purpose of experiment: Same as in experiments 1 and 2 and, in addition, to 
test methods of procedure with primary reference to moisture exchange. 

The two procedures were used as indicated in experiment 2. 

The inoculated beet sections were rolled in glassine bags. 

The data included the weight of the beet sections before and after storage 
and the weight of the diseased tissue. 

Experiment 4 

Storage periods: 

November 26 to December 8, 1929, 12 days. 

November 26 to December 20, 1929, 24 days. 

November 26, 1929, to January 2, 1930, 37 days. 

November 26, 1929, to January 13, 1930, 48 days. 

Age of inoculum, 20 days. 

Purpose of experiment: Same as in experiments 1, 2, and 3, but conducted 
under better controlled conditions of moisture 
Instead of using the one-fourth sections of the entire section of a beet, as in the 
two preceding experiments, 10 comparable pieces whose weight was approximately 
13 gm each were cut from }^-inch-thick sec- 
tions of large beets, as shown in Figure 1. 

This was done in order to obtain pieces of 
similar anatomical and chemical composi- a 
tion and for a more accurate control of the 6 
tissue variability within the beet. The c 
tissue near the lateral grooves was especially « 
avoided because of its different composi- ^ 
tion and character. 

The two procedures explained under ex- 
periment 2 were employed. 

The inoculated sections were placed on a Fiqtiee i.— Gross section of large sugar beet, 
raised glass platform in a covered glass showing method used to experiment 4 of 

moisture chamber Moistened filter paper Regions ^ comparable 

supplied the necessary humidity. The mois- 
ture chambers were then placed in the different control chambers at the desired 
temperature. 

The number of inoculations made in each of the experiments 1, 2, 
and 3 is given in Table 3. 

In experiment 4, four lots of beet sections, of 48 sections each, were 
inoculated with the four fungus strains 252, 259, 260, and 261, respec- 
tively. Each lot of inoculated sections was then subdivided into four 
lots of 12 sections each, which were held in the control chambers at 10^ 
C. for 12, 24, 36, and 48 days, respectively. 
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T^ble 3 — Xnmbet of whole beets oi sectiojis of b^eis inoculated with various strains 
of Phomn betae and placed in contiol chambers at various temperatures for experi- 
ments 1, 2, and 3 


^tKim No 

Inoculated beets oi faections, « held at indicated tcmperatuie (° C ) 
m expel iments 1, 2, and 3 

Total 

beets 

used 

1° 

5° 

i 

10® 

15® 

1 

1 1 

1 

2 

3 

1 

* ■) 

J 

3 

i 

1 1 

2 

3 

1 

2 

3 

252 

i 

4 

20 

24 

4 

20 

24 

4 

20 

24 

10 

2Q 

24 

198 

2,59 


20 

24 

4 

. 20 

24 

4 

20 i 

24 

10 

20 

24 

198 

260 

4 1 

20 

24 

4 

20 

24 

4 

20 i 

24 

10 


2±i 

198 

261 

10 i 

1 ! 

i 20 

24 

10 

1 

24 

12 

20j 

24 

6 

20 

24 

214 


« IndiMclual beets were inoculated in e^ipeiiment 1, in later experiments, sections of beets were used 


The controlled temperatures used in these experiments were made 
possible by placing temperature-control chambers in cold-storage 
rooms of a commercial ice and storage company at Salt Lake City, 
Utah Each of the temperature-contiol chambers had a capacity of 
5,832 cubic inches and was well insulated Each chamber had a sep- 
arate temperatiu e-control device, which consisted of an accurate 
theimoregulator and a magnetic svutch for making and breaking the 
heatmg-element circuit The temperatures were controlled to within 
±0 3® C Air temperatures in these control chambers were adjusted 
to 1°, 0 °, 10*^, and 15®, the range approximating rather closely actual 
field-storage conditions 

Student^s methods® were used for most of the statistical calculations 
and the probabilities given as values of P 
The piobable errors of the mean for the dimensions of the spores 
were calculated by BessePs formula, and the probab le errors of the 
differences were calculated by the usual formula, ± V(£'i)^+ (E 2 Y 

RESULTS OF EXPERIMENTS 

Since the pathogenicity of the four strains of Phorna betae had been 
cai'efully tested shortly after the ongmal cultures were isolated, it was 
deemed sufficient to make reisolations from diseased beets or sections 
of beets only m experiments 2 and 3 to serve as checks The reisola- 
tions were made on prune-agar plates by incubating thereon small 
pieces of beet tissue, part of which gave distinct evidence of infection, 
although all were cut under aseptic conditions The strains of the 
organism were again lecovered in pure culture, as indicated in Table 4 
As the results of the fii'st experiment 'were not used in the primary 
calculation, it was deemed advisable to present them separately 
Table 5 gives the weight in grams of diseased tissue for all the beets 
inoculated in experiment 1 The results are grouped according to the 
strain used for moculation and the temperature at which the inocu- 
lated beets were stored. These results indicate differences in the rate 
of decay caused by the different strams and also strong differential 
response to the various temperatures. 


6 Fishek, R 
Lrondon 1925 


STATISTICAL METHODS FOR RFSEXRCH WORKERS 289 p , lllUS Edmburgh and 
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Table 4 — Retsolahons from parts of beets whwh had been inoculated with varioun 
strains of Phoma heiae and held at va nous temperatures in experiments B and 3 


E\penment Ko and storage temperature (° C ) 


Experiment 2 

1 ° — 

5 ® 

10 ° 

15° 

Experiment 3 

1 ° 

5° 

10 ° 

15° 


Reisolations 

Total 

Negative 

Positive 

Number 

Number 

Number 

Per cent 

51 

1 

50 

98 

52 

1 

51 

98 

55 

8 

47 

85 

62 

19 

43 

69 

64 ’ 

3 

61 

95 

66 

5 

61 

92 

73 

16 

57 

78 

68 

8 

i “! 

88 


Table 5 — Effects of inoculating sugat beets with vanous strains of Phoma heiae 
and stonng for J^l days under different temperatwes in expenment 1 

STRAIN 252 


Weight of total, healthy, and diseased tissue of inoculated beets stored at temperature (° C ) 

indicated 


Beet No 

1° 

5° 

1 

10° 

15° 

•a 

"S 

>4 

es 

5 

"a 

% 

Sh 

1 

B 

A 

1 ^ 

>4 

1 

1 

■s 

1 

>» 

s 

s 

TJ 

0) 

1 

a 

1 

Gms 

285 

445 

315 

470 ! 

Gms 

280 

420 

275 

450 

Gms 

25 

25 

40 

20 

Gms 

360 

465 

310 

411 

Gms 

310 

430 

280 

390 

Gms 

50 

35 

30 

21 

Gms 

370 

190 

285 

225 

Gms 
300 1 

140 

270 

185 

Gms 

70 

60 

15 

40 

Gms 

413 

68 

345 

122 

132 ! 

! 355 1 

1 300 1 

211 i 
i 235 1 

160 

Gms 

368 

0 

325 I 
72 I 
90 i 
325 

185 

150 

210 

150 

Gms 

46 

68 

20 

50 

42 

30 

115 

61 

25 

10 

0! 

3 

4 

5 

6 




1 






7 




I 






8 










9 




1 






10 




1 1 





Total 

Average- 

Diseased. 









1, 515 

378 75 

1,405 

351 25 

no 

27 50 

P ct 

7 25 

|l, 540 

1 386 50 

! 1,410 
j 352 50 

136 

34 

P ct 
j 8 80 

1,070 

267 50 

895 

223 75 

,175 

43 75 

P ct 
16 36 

2, 341 ; 

234 10 

1,875 

187 50 

466 

46 60 

P ct 
19 91 








1 


aSTRAIN 259 


1 

2 

3 

4 

5 

405 

173 

275 

380 

370 

165 

230 

330 

Gms 

35 

8 

45 

50 

185 

275 

170 

190 

150 

250 

140 

160 

Gms 

35 

25 

30 

30 

i 

150 90 

180 , 90 

120 ' 25 

287 ' 200 

( 

Gms ' 

60 1 120 

90 ! 170 

95 i 54 

87 i 88 

1 155 

0 

50 

40 

40 

no 

190 

50 

25 

1 

1 60 

6ms 

120 

120 

14 

48 

45 

160 

70 

35 

40 

75 

6 








350 
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1,233 

1, 095 
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30 i 
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Table 5 — Effects of inoculating sugai beets with various strains of Phoma hetae 
and staling f 01 4^ days undei different temperatuies in experiment 1 — Contd 

STRAIN 260 


Weight of total, healthy, and diseased tissue of inoculated beets stored at temperaturo (° C ) 

indicated 


Beet No 

1 

5° 

10® 

15® 

o 

y 

o 

M 

I 

5 

o 

1 

•3 

3 

1 

g 

P 

1 

y 

Gms 

232 

515 

145 

162 

'33 

a> 

a 

1 

03 

S 

Q 

"3 

y 

>> 

1 

w 

na 

a> 

s 

5 

1 

Gms 

260 

355 
! 228 

278 

Gnu, 

240 

330 

225 

270 

Gms 

20 

25 

3 

1 8 

Gms 

370 

385 

417 

240 

Gms 

350 

360 

410 

230 

Gms 

20 

25 

7 

10 1 

Gms 

220 

470 

125 

140 

Gms 

12 

45 

20 

22 

Gms 

402 

360 

60 

I 155 

1 115 

210 
! 170 

I 110 

70 

68 

Gms 

330 

260 

35 

145 

70 

140 

120 

15 

60 

60 

Gms 

72 

100 

25 

10 

45 

70 

50 

95 

10 

8 

i 


^ 1 














\ ! 








1 _ 

i • 






:o ..1 


■ I 
















Total 

1, 121 1 

1,065 i 

56 ' 

1, 412 

1, 350 

62 

!l, 054 ! 

955 

99 

1,720 

1,235 

485 

Average.. 

280 251 

266 25| 

14 1 

353 

337 50 

15 50 

263 50 

238 75 

24 80 

172 

123 50 

48 50 


1 


P ct ' 



P Ct 



P ct 



P ct 

Diseased- 



5 00 



4 39 



9 39 



28 20 


1 








1 1 



STRAIN 261 


1 

2 

3 

4 

5 

6 

7 1 

170 

175 

385 

115 

132 

465 

248 

179 

345 

285 

160 

165 

370 

110 

no 

430 

240 

170 

330 

260 

Gms 

10 

10 

15 

5 

22 

35 

8 

9 

15 

25 

600 

710 

165 

125 

200 

215 

270 

214 

178 

315 

580 

680 

160 

120 

180 

190 

230 

210 

170 

290 

Gms 

20 

30 

5 

5 

20 

25 

40 

4 

8 

25 

470 

285 

330 

277 

515 

338 

530 

580 

335 

415 

480 

245 

440 

250 

300 

220 

480 

310 

500 

530 

310 

380 

460 

1 210 

Gms 

30 

35 

30 

57 

35 

28 

30 j 
50 ! 
25 

85 

20 

35 

235 

345 

245 

270 

210 

270 

200 

300 

185 

160 

170 

230 

Gms 

35 

45 

60 

no 

40 

40 

8 1 




9 




10 




11 




12 



1 

















Total 

2,499 

2, 345 

154 

2,992 

2,810 

182 

4,800 

4,340 

460 

1,575 

1,245 ! 

330 

Average- 

249 90 

234 SO 

15 40 

299 20 

281 

18 20 

400 

361 67 

38 33 

262 50 

207 50 

55 




P ct 



P ct 



P ct 



P ct 

Diseased. 



6 16 



6 08 



9 58 



20 95 















In experiment 1 whole beets were used for each inoculation 
Because of the great irregularity in the weights of diseased tissue 
from different beets when subjected to the same organisms and tem- 
perature, only sections of beet tissue (fig. 1) were used for the later 
experiments, thus eliminating differences due to variability among 
individual beets. While this procedure reduced the irregularities in 
the^ results, statistical methods showed other variabilities which it is 
believed might have been due to faulty technic in procuring a uniform 
quantity of inoculum throughout the tests or to variability in condi- 
tions of storage. 

_ In .experiments 2 and 3 strams 252 and 259 were found to have the 
highest relative rate of decay and strain 260 the lowest rate of decay, 
as shown in the following comparison of average weights of diseased 
tissue per day for each strain of Phoma hetae. 
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strain No Diseased tissue (gm ) 

252 0 4958 

259 .4968 

260 2242 

261 - 4070 


The following probability values were calculated^ for differences in 
decay produced by each pair of strains of Phoma betae at all tempera- 
tures (1°, 5°, 10®, and 15® C ) used in experiments 2 and 3 


Pairs of strains 


Probability value (P) 


252 and 259 0. 45 

252 and 260 01 

252 and 261 .18 

259 and 260 .01 

259 and 261 .15 

260 and 261 01 


These data indicate that strain 260 was the least aggressive and 
that each one of the three others was significantly different from it 
The differences in respect to aggressiveness between strains 252, 259, 
and 261 are not clearly significant. When the data for these organ- 
isms are analyzed for the individual temperatures, as shown in Table 
6, the differences are more clearly apparent Strain 252 was not sig- 
nificantly different from 259 or 261 in amount of decay produced, but 
vras significantly different from 260. Strain 259 was not significantly 
different from 261, but was markedly different from 260. The amount 
of decay produced by strains 260 and 261 was significantly different 
at all temperatures investigated 

Table 6. — Prohabthty values for the differences in decay produced by each pair of 
strains of Phoma betae used in experiments 2 and 3 


Pairs of strains 

Tern- 1 
pera- i 
ture 1 
(°0) 

Probability 
value (P)» 

i 

1 Pairs of strains 

! 

Tem- 

pera- 

ture 

(“C) 

Probability 
value (P)® 

Experi- 
ment 2 

Expen- 
ment 3 

Expen- 

ment2 

Experi- 
ment 3 

252 and 259 

1 1 

0.59 

0 84 

j 

259 and 260 

1 

0 06 

0 01 

Do 

5 ; 

70 

29 

Tin ! 

5 

04 

01 

Tin 

10 

.55 

38 

Tin ^ 

10 

01 

01 

Do 

15 

.61 

11 

Tin __ 1 

15 

06 

01 

252 ftTirl 2fin _ i 

1 

.01 

.01 

259 2fil . . 

1 

54 

04 

Tin 

5 i 

05 

01 

Dft 

5 

44 

,19 

Dft, _ 

10 

02 

01 

Tin __ 

10 

02 

27 

Do 1 

15 

10 

16 

T>rv - 

15 

04 

18 

252 and 261 i 

1 

,36 

04 

‘Ifin Ofil 

1 1 

01 i 

.01 

Do i 

5 

.69 

.02 

Tin 

i 5 

01 

.01 

Dn 1 

10 

03 

13 

■nn 

1 10 

02 i 

01 

Do 

35 

.18 

82 

Tin 


03 i 

.03 


1 



i 




® A probability value of 0 05 for P was considered the limit of significance 


Data showing the effect of temperature on the amoimt of tissue 
destroyed by each strain are given in Table 7. These results indicate 
that the weight of tissue destroyed at 5° C was in no case significantly 
different from that destroyed at 1°. Strain 261 did not destroy sig- 
nificantly more tissue at 10° than at 1° or 5° In all other cases, 
except strain 260 at 5° to 10°, the weights of tissue destroyed by each 
strain were significantly different for each 5 degrees change of tem- 
perature. 


7 A probability value of 0 05 for P was considered the limit of sigmficanpft 
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Table 7 — Piohahihty values for differences in weight of tissue destroyed by each 
strain of Phoma betae at tempeiaiuies of 5 °, 10^, and 15° C in experiments 2 
and 3 


Temperature (° C j 

1 

1 Strain 
No 

Pioba- 1 
bilitj ' 
value 1 

CP)a 1 

Temperature C° C ) 

Strain 

No 

Proba- 

bilitv 

\alue 

(?)« 

1® fjTid 5® 

252 

0 12 1 

5° and 10° 

252 

0 04 

T)n . . .. 

259 

53 

Do - 

259 

02 

f)n - 

- 260 

IS 

Do - 

260 

07 

Do 

--i 261 i 

51 , 

1 Do - 

261 

16 

1° rITid 10® _ _ _ _ 

252 

01 :! 5® and 15° 

252 

02 

Do 

259 

01 ! 

Do 

259 

01 

Do - 

260 

04 1 

Do - 

260 

01 

Do 

261 

16 1 

Do - 

261 

01 

1® and 15° 

252 

01 

10° and 15° 

252 

04 

Do 

259 

01 

Do 

259 

02 

Do - 

260 

01 

Do — 

260 

01 

Do - 

261 

01 

Do 

261 

01 



Figlre 2 —Relative progress of decav in each of the four strains of Phoma betae 


The rate of decay, based on the average of results obtained in 
experiment 4, is expressed as curves in Figure 2 for strains 252, 259, 

260, and 261, respectively. The curve of strain 252 is similar to that 
of strain 259, whereas the curve of strain 260 resembles that of strain 

261. These curves confirm the statistical results presented in Tables 
5, 6, and 7, and also show that strains 252 and 259 destroy sugar-beet 
tissue more rapidly than do strains 260 and 261 Strains 252 and 259 
destroyed practically all the available tissue withm 36 days, but strains 
260 and 261 did not Strain 260 vras again shown to be the least 
aggressive. Strain 261 attacks slowly, as does 260, but progresses at 
a rapid rate, approaching the curves of strains 252 and 259 at about the 
forty-eighth day These curves, together with the fact that the 
experiments deal with the relative rate of decay produced by the 
strains during long storage periods, show why it was not possible to 
establish significant differences between strains 261 and 252 or between 
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strains 261 and 259 The curves indicate a probable difference in 
aggressiveness for stiain 261 and show the advantage of running such 
tests at varied temperatures and for various lengths of storage periods 

DISCUSSION 

Phoma betae is undoubtedly the most important wound parasite 
found m stored sugar beets in the Western States, particularly in 
northern Utah While no figures are available as to the economic 
losses resulting from the action of this fungus, it is safe to assume 
that the damage incurred fiom year to year has generally reached 
significant proportions Reduction m the total extractable sucrose, 
occasioned by rotting of the healthy tissues, and m the weight of the 
stored beets constitutes the mam source of loss 

The experimental results herein reported show that temperature is 
one of the most impoitant ecological factors associated with decay of 
beets in storage In general, low temperatures retard the penetration 
of the fungus into exposed crown tissues and the higher temperatures 
favor it It would therefore seem advisable to delay until the advent 
of cooler w'eather the piling of beets in those localities where high 
temperatures prevail The length of the storage period may deter- 
mine m large measure whether or not losses will become significant, 
according to the rate of decay produced by the strains of Phoma betae 
present in the storage pile Although only four strains of the fungus 
were used m the expeiiments reported in this paper, the senior writer 
has isolated from various sources more than 20 strains that gave evi- 
dence of morphologic variation Since marked differences in size of 
spores were found in two of the strains used m these experiments and 
since similar vaiiations in size of spores have beennoted in otherstrains, 
there is reason to believe that a number of distinct strains exist The 
results of the present investigation indicate wide differences m the 
capacity of these strains to decay sugar-beet tissue 

SUMMARY 

The relation of temperatuie and length of storage to rotting of sugar 
beets by the fungus Phoma betae (Oud ) Frank has been investigated 
Distinct morphologic differences have been found between two of the 
strains used 

Four strains of the fungus were studied under controlled conditions 
to determine their relative capacity for producing decay The data 
indicate that the four strains of Phoma betae tested vary m the rate at 
which they destroy beet tissue, the differences amounting to as much 
as 50 per cent but varying accoidmg to the temperature and period 
of storage 

Increase in temperature during storage favored mcreased metabo- 
lism of the fungus, with attendant increase in rotting of tissues In 
general, significant differences were noted for each change of 5° C. 
in temperature. 

Strains 252 and 259 were found to possess similar aggressiveness, 
although they differed significantly in morphology Both differed 
markedly from strain 260 in the amount of decay produced Strains 
260 and 261, the morphology of which was not studied, wrere found to 
be significantly different m their ability to produce decay. It is 
therefore believed that distinct strains of Phoma betae exist 




ROOT CONSTRICTION OF COTTON PLANTS IN THE SAN 
JOAQUIN VALLEY OF CALIFORNIA ^ 


By J W Hubbard 

Senior Scientific Aid, Division of Cotton, Rubber, and Other Tropical Plants, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Cotton plants may be severely stunted, or even killed, when their 
roots are choked in hard soil The injury occurs a little below the 
surface of the groxmd, where the soil becomes dry and hardens around 
the small seedling taproot, thus preventing further expansion. As 
the plant grows the stalk bulges out over the hard soil and forms an 
enlarged calloused base, contrasting with the threadlike taproot firmly 
encased in the hard sod. The plant reaches a stage of development 
where such constriction of ^ the root causes it to wdt rather suddenly 
and it will die if the condition is not relieved in a short time. 

In Texas, instances of root constriction have been reported in which 
cotton plants growing in heavy clay sods were strangled as a result of 
root constriction when the sod was compacted by continuous ram or 
excessive irrigation ^ A simdar effect was observed by the writer at 
the United States cotton field station, Shafter, Calif , in 1930. In 
this case the constriction was caused by withholding water early in 
the season, thus allowing the sod to become dry and hard near the 
surface. 

The disorder as noted in Texas was recorded as a new disease and 
named “root strangidation” ; but since it is neither physiological nor 
parasitic, it is hardly to be reckoned as a disease unless the word is 
used in its broadest sense, to include any departure from normal 
structure or function Cook,® in discussing leaf cut, or tomosis, a 
common disorder of cotton seedlings, recognizes a class of ecological 
disorders intermediate between physiological diseases and mechanical 
injuries or traumatisms. To this mtermediate class the strangulation 
of plants by root constriction may be added, though the causal 
factors are purely mechanical. 

OBSERVATIONS AND STUDIES 

At Shafter, Calif., several dead plants were found in plots of cotton 
that showed no general indications of stress conditions When 
examined the roots of these plants were found to be severely con- 
stricted just under the surface mulch where they entered the firmer 
soil. In most cases the root just above the constriction was enlarged 
beyond the normal size at the base of the stalk, and calloused The 
reduction from these large calloused bases to the constricted root 
below was usually very abrupt. Often a reduction from a stem 
1 5 to 2 cm. m diameter to a root about 1 mm. m diameter would 
occur in the space of 1 cm. or less. 

» Received for publication July 29, 1931, issued February, 1932 
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The constrictions of the roots were usually from 3 to G inches or 
more in leny:th, exteiidino thioiigh the extremely haid div soil near 
the surface Beneath this hard diy soil layer the loots appeai‘ed 
normal in ever^^ respect In many cases there weie no lateral roots 
near the surface and the plants were merely resting on flat, calloused 
bases In such cases the plants were kept erect largely by the tension 
of the threadlilve taproots that held these large calloused bases firmly 
against the hard soil l^Tien the plots were irrigated many such 
plants fell prostrate as the soil softened and gave way under the 
bases 

The first observations of the disorder at Shatter were recorded 
July 2, 1930, the condition appearing in a series of plots that were 
planted April 21 These plots had been irrigated on April 15 by 
flooding and were harrowed lightly before planting On June 13 
the stand was thinned to about 12 inches between plants, and this 
operation was followed by a shallow cultivation, leaving a surface 
mulch from 2 to 3 inches deep The average plants in the plots were 
about 12 to 15 inches high and had been flowering for several days 
when the first dead ones were observed The dead and severely 
wilted plants were slightly smaller than the average Further 
investigations showed that most of the plants were more or less 
constricted, and many of the smaller ones were observed to show 
slight symptoms of a deficient water supply In the following 
days more of these plants wilted and died rather suddenly, and the 
condition became so severe that the plots were irrigated on July 8 
Several plants that were severely wilted immediately before irrigation 
were tagged for further study Some of these recovered very slowly 
from their wilted condition, while others regained turgidity soon 
after irrigation but remained a dull bluish color for several days, 
indicating water stress Only a few plants failed to recover, and 
these were practically dead when irrigated 

Several of the tagged plants were removed July 10, two days after 
irrigation, by digging them carefully and washing the soil from the 
roots All of these plants had badly constricted taproots and very 
few old lateral roots near the surface, but they had many white rootlets 
springing from the bases of the stalks and taproots These rootlets 
ranged in length from very short stubs to more than one-fourth inch, 
as shown in Figure 1 

Additional specimens of the plants that were severely wilted before 
irrigation were removed July 22 Most of these recovered com- 
pletely, and in every case in which the top of the plant had recovered 
the taproot was filled out to normal size A few of the tagged plants 
were left undisturbed throughout the season These showed no ill 
effect of the early constriction but developed normally and produced 
good crops of cotton 

Figure 2 shows a plant severely wilted from root constriction, in 
comparison with an adjacent normal plant When the plot was 
irrigated a few minutes after this photograph was taken the wilted 
plant fell because the soil softened beneath its base Other plants in 
the same plot that were wilted to about the same extent immediately 
before irrigation made recoveries, some apparently complete, others 
only partial. The degree of wilt represented by the wilted plant in 
Figure 2 appeared to be about the limit of stress from which a plant 
could recover to normal. 
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riCxURE 1 —Parts of constricted cotton plants two days after irrigation, showing the development 
of white rootlets and the quick response of the plants to irrigation (Natural size) 
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PHOTOGRAPHIC RECORDS 

lu a further study of this disorder, in another set of plots, ^ two 
series of natural-size photographs were made of root-constricted 
plants, showing portions of the taproots before and after irrigation. 
The first series was begun July 23 in a plot of cotton that was planted 
May 24, and the second series was begun August 15 in a plot planted 
June 7 Neither of these plots had been irrigated after planting, 
previous to the beginning of the studies A group of three plants 
in each plot was used for study The first group wdll be referred to as 
series 1 and the second group as series 2 Photographs are shown 
of only one plant in each group In series 1 the photographs of plant 



Figure 2 — Constricted cotton plant (at right) showing severe condition of wilt, m comparison 
with an adjacent normal plant This severely wilted condition is reached in a few hours after 
'ft ilting starts Such plants do not recover at night 


1 typify all three plants studied In series 2 only one of the three 
plants survived 

Series 1 

The upper portions of the taproots of the thi'ee plants in series 1 
were photographed July 23. This was done by digging a trench 
about 8 to 10 inches deep close to the plants and washing away the 
soil from one side of the taproots by means of a small pressure tank 
and hose. Natural-size photographs were taken as soon as the tap- 
roots were clearly exposed. The soil was then carefully replaced 
about the roots and the plot irrigated. 

The roots of these plants were again photographed in a similar 
manner on August 8 for comparison with the photographs taken 
on July 23. Figure 3 shows the condition of the taproot of plant 1 
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of this series at the time of the first and second exposui'es. These 
observations merely confirm the result of the more casual determina- 
tions already made showing that the plants were able to fill out the 



Figure 3 —Three views of base of stalk and taproot of plant 1, senes 1 A, Severely constricted 
taproot as it appeared before imgation, July 23, B, taproot showing recovery from constnction, 
August 8, 16 days after irrigation, 0, longitudinal section of the root after recovery (Natural 
size) 

constrictions of the roots in a very short time after irrigation. Each 
of the ttoee plants imder obserration showed severely constricted 
roots before irrigation and a complete recovery 16 days after irriga- 
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tion The plants weio removed fiom the field on August 8, and the 
taproots weie split in longitudinal sections to show the newly devel- 
oped wood (Fig 3, C") No lines of demarcation were visible 
between the old wood of the constiicted root and the new wood 
formed after iriigation 

Sekies 2 

In series 2, consisting of three plants, the roots were first exposed 
for photographing on August 15, primarily to determine the rate of 
recovery of the constricted roots of plants that recovered promptly 
aboveground. These plants were in a plot that was planted June 7 
and received no irrigation after seeding Many plants in this plot 
were dead or dying from root constriction when the first exposure 
was made. Figure 4 shows a section of a row near the location of the 
three plants of this series, taken 311st before uTigation, showing plants 
m several stages of wilt caused by root constriction This plot was 



Figure 4 — Section of row near the locatioD of the three plants selected for study in senes 2 
This photograph, taken just before the first irrigation after planting, shows se^ eral plants severely 
wilted from root constriction, together with normal-appearing plants 


irrigated August 15 immediately after the first set of photographs 
was taken. 

Plant 1 of this series was turgid and green when photographed, but 
wilted soon afteiward and did not make a complete recovery Plants 
2 and 3 were slightly wilted at 9 a m , before the roots were disturbed 
Plant 2 failed to recover and was dropped with plant 1 from this 
investigation, leaving only plant 3 to be studied for the rate of root 
expansion. This plant recovered from wilting promptly and assumed 
a normal appearance aboveground a few days after irrigation A 
second exposure was made of this plant on August 21 and a third 
exposure on August 26 Figure 5 shows the condition of the taproot 
at the time of the first, second, and thhd exposures, respectively. 
Some idea of the rapid development that takes place in constricted 
roots after irrigation may be had by comparmg these view^s The 
rapid development of lateral roots near the surface of the ground 
appears remarkable. 

In Figure 5, A, which shows the plant before irrigation, it may be 
seen that there were no lateral roots near the surface at the time of 
the first exposure. In B, which was taken six days after the first 
exposm*e and irrigation, many small white lateral roots are shown 
These roots were very tender and some were broken, others were 
exposed entire, but care was taken not to disturb them more than was 
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Figure 6 —Base of stalk and roots of plant 3, series 2, showing rapid development after irrigation, (about seven-eighths natural size) A, View August i5, before 
irrigation, showing taproot severely constricted with no lateral roots near the surface, B, view August 21, six days after irrigation, showing taproot greatly 
increased m diameter, and development of many small white lateral roots, some of them more than 6 inches long, C, view August 2C, five days after B 
and 11 days after A, showing taproot practically normal in size and lateral roots of tough woody structure with numerous secondaiy branches 


46 


Jourifial of Agricultural Research 


Vol. 44, No. 1 


necessary, since further study of the plant was desirable. Figure 5, 
C, which was taken five days after B and 11 days after A, shows these 
laterals to he of tough, woody structure, with many small secondary 
branches 

Several neighboring plants were removed from the plot August 21 
and cross sections were made of the taproots through the constriction. 
A small hard center of old wood was clearly distinguishable m these 
sections, with a large ring of clear, semitransparent wood and rathei 
heavy bark. The proportions of old wood, new wood, and bark on 
an average root were, respectively, three thirty-seconds, three 
thirty-seconds, and one-sixteenth of an inch. The new wood was 
very soft, and the greater part of it could be scraped off easily with 
the thumb nail into a clear jellylike mass Similar cross sections of 
roots removed August 26 showed no definite lines of demarcation 
between the old and new wood, but the cambium was very active and 
a thin outer portion of the wood was rather soft. 

DISCUSSION 

Constriction of taproots was found to be general at the United 
States cotton field station in plots that were not irrigated for a long 
time after planting, and in many cases it became necessary to irrigate 
before the plants had reached a stage of development where irrigation 
appeared desirable, except as a measure to prevent some losses in 
seedling stand. Some plots at the station were irrigated early in the 
season during the seedling sta^e of the plants, and the roots of these 
plants developed normally, wMe the roots of plants in adjoining plots 
that were not irrigated became constricted The general practice 
among cotton growers in the San Joaquin Valley is to irrigate freely 
rather early in the season, in order to develop a large plant, and then 
to stop irrigation in an effort to force matunty of the crop. While 
this practice is not considered a good cultural method, it prevents 
root constriction and is probably the reason why the disorder has not 
been reported heretofore The objection to irrigating early in the 
season before the cotton has reached the flowering stage is that the 
plants may grow too rank and fail to mature as large a crop of bolls 
as they would otherwise. Moreover, the plants that have too much 
water at first may develop shallow root systems and are therefore 
likely to suffer in dry weather, so that both the quality of the fiber 
and the yield may be impaired It appears that root constriction 
may interfere somewhat ydth the application of improved cultural 
methods qn^ the sandy soils that become very hard when dry; but 
since the injury is not permanent and does not appear to affect the 
later development of the plants in any way, it is probably of minor 
importance. 

SUMMARY 

Cotton plants grown at the United States cotton field station at 
Shatter, Calif., in 1930 were observed to wilt and die suddenly as a 
result of taproot constriction. The soil in which these plants were 
grown is a light sandy loam that becomes very hard when dry, and 
the constricted plants were found in each case in plots that had not 
been irrigated after planting. 
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Irngation corrected the condition that caused constriction, and the 
plants that were not too severely injured recovered after irrigation 
and developed into normal, well-fruited plants. 

Photographs of constricted roots taken before and after irngation 
show that the plants made a rapid recovery from the disorder as soon 
as the cause was removed 

In one series of photographs the development of new lateral roots 
near the surface of the ground is shown A plant havmg no surface 
lateral roots before irrigation is shown on the sixth day after irrigation 
with numerous small, white lateral roots, some of them more than 
6 inches long. Eleven days after irngation these new laterals had 
greatly increased in length, were tough and woody, and had many 
branches. 

In cross sections of constricted roots made during the rapid growth 
after irrigation a large ring of soft semitransparent wood tissue was 
observed between the old wood and the bark. Six days after irrigation 
this new wood tissue could be scraped off with little effort into a clear, 
jellyhke mass, but 11 days after irngation no lines of demarcation 
were perceptible to the naked eye between the new and the old wood 

The disorder is probably of little importance to the cotton grower 
under present conditions, but it may interfere with the utilization of 
the best cultural methods unless some practical method other than 
irngation is devised to correct the conditions causing it. 




HETEROTHALLISM AND HYBRIDIZATION IN TILLETIA 
TRITICI AND T. LEVIS > 


By H H Flor 

Associate Fatholoqisty Division of Cereal Crops and Diseases, Bureau of Plant 
Indushy, United States Department of Agriculture 

INTRODUCTION 

The most destructive disease of wheat in the Pacific Northwest is 
bunt or stinking smut ^ Seed treatment is not entirely effective on 
fall-sown wheat because of soil infestation Consequently, the most 
promising means of control appears to be the development and use of 
resistant varieties - 

A number of varieties apparently resistant to bunt have been devel- 
oped For a number of years these varieties maintained their resist- 
ance, but they are now being attacked with increased seveiity from 
year to year Gaines ^ has shown that these varieties are being 
attacked by new forms of Tilletm trihci (Bjerk ) Wint and T levis 
Kuhn Prior to 1918 only T tntici was known to occur m the State 
of Washington {10) ^ By the inoculation of selected varieties with a 
number of field collections, Gaines in 1928 found that the resistant 
varieties had maintained their resistance to the old form of T intici, 
but that two additional forms of T tntici and four forms of T levis 
were present in this region 

This increasing amount of smut in previously resistant varieties 
showed the importance of a thorough consideration of the^ r 61 e of 
physiologic specialization in a breeding program and emphasized the 
necessity for obtaming fundamental mformation concernmg the origm 
of these new forms as well as their prevalence and distribution 

The occurrence of physiologic specialization in the cereal smuts has 
been repeatedly demonstrated According to Stakman (16)^ physio- 
logic forms may be differentiated by (1) cultural characters, (2) 
physicochemical reactions, (3) morphology, and (4) pathogenicity 
Pathogenicity as shown by varietal leaction has been the criterion 
most widely used for differentiation and is of most importance from 
the standpoint of the plant breeder 

Usually little if any effort has been exercised by the various investi- 
gators to insure the purity of the physiologic forms of smut with which 
they have worked The usual procedure has been to obtain collec- 
tions from various localities or from resistant varieties and test these 
on a number of varietal host testers directly, oi after the collection 
has been increased on a susceptible host In some instances an 
attempt has been made to purify the collections by mcreasing them 
on their respective differential hosts, i e , the variety that each collec- 
tion IS able to infect but that is not attacked by other collections 
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Obviously, this method would strain out those forms that were unable 
to infect this variety However, it would give no assurance that the 
collection had been reduced to a single physiologic form, as it is pos- 
sible that a number of forms or hybrid forms exist that are able to 
attack any given variety. In order to study the importance of muta- 
tion and hybridization in the development of pathogen! call'"^ different 
physiologic forms, it is imperative that the work be started with Imes 
as pure as possible. 

^ The present investigation was undertaken to study the pathoge- 
nicity of single and paired monosporidial cultures of T%lletia tntici and 
T. levis and thus learn as much as possible concerning the nature of 
infection, the importance of hybridization in the development of new 
forms, and the possibility of developing improved methods for the 
purification of the physiologic forms. 

HISTORICAL REVIEW 

The fusion of sporidia in certain smuts has been observed by a 
number of investigators Kniep {11) in 1919, working with Ustilago 
molacea Pers., was the first to show that this fusion occurs only between 
certain sporiia and that therefore the smut is heterothallic.^ Since 
then a number of species of the Ustilagmeae have been studied and 
found to be heterothallic, except for Christensen’s {2) report of infec- 
tion by monosporidial lines of U. zeae (Beckm.) Ung. Zillig {17) con- 
firmed the work of Kniep and further showed that conjugation 
occurred between sexual strains of different physiologic forms. Kniep 
{12) observed conjugation between the sporidia of a number of 
smooth-spored species of Ustilago and also between different 
echinulate-spored species and reticulate-spored species. He also 
observed conjugation between sporidia of certain smooth-spored and 
ecMnulate-spored species, but observed none between sporidia of 
reticulate-spored and those of either smooth-spored or echinulate- 
spored species. Dickinson {5) observed hyphal fusion in the host 
tissue between monosporidial cultures of U hordei (Pers.) Kell and 
Sw. and U, nuda (Jens.) Kell, and Sw , but did not permit his plants 
to grow to maturity. Apparently interspecific fusion is common in 
the smuts However, none of these investigators completed their 
tests. They did not report whether the interspecific crosses were 
able to cause infection, as shown by the production of mature chlamy- 
dospores in the host plant This information is exceedingly important 
from the point of view of the investigator interested in the origin and 
development of physiologic forms / Hanna and Popp {9) found that 
27. avenae (Pers ) Jens, and 27 levis (Kell and Sw.) Magn. were hetero- 
thallic and that a monosporidial culture of one species mated readily 
with one of opposite sex of the other species. From this mating a 
smutted panicle was produced which was somewhat intermediate in 
appearance between the loose and covered types, and the spores were 
echinulate. 

A number of investigators have attempted to infect wheat plants 
with cultures of the bunt organism. Sartons {16) failed to obtain 
infection, although he grew his wheat in large flasks containing a 
culture of the organism. Kienholz and Heald {10) likewise failed to 
obtain infection when the seed was inoculated with cultures derived 
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from the chlamydospore mass. Bodine and Durrell {1) obtained 
infection by inocnlatmg wheat seedhngs with cultures derivedTfrom 
secondary sporidia produced by a chlamydospore mass culture, 

FORMATION OF SPORIDIA 

The ohlamydospores of Tilletia tritici and T, levis germinate by form- 
ing a promycelium into which the protoplasm of the spore passes. 
As the promycelium elongates, the protoplasm is confined to the upper 
portion, and septa are laid down as the basal portion is evacuated. 
At the tip of the promycelium is produced a crown of 8 to 24 long 
slender sporidia, which in this paper are termed primary’^ sporidia. 
^ cultures used in the tests reported in this paper were derived from 
single primary sporidia. ^ These primary sporidia commonly fuse to 
form the H-shaped sporidia Usually both the single primary spondia 
and the H-shaped sporidia germinate by sending out a single germ 
tube or mycelial filament which may or may not produce siclde- 
shaped secondary sporidia. However, both types of primary sporidia 
occasionally produce more than one germ tube. 

MATERIALS AND METHODS 

The monosporidial cultures used in these tests were derived from 
three strains of Tilletia tntici and two of T. levis that had been col- 
lected by E. F. Gaines m the Pacific Northwest and differentiated 
by their action on wheat varieties. 

The methods of making single sporidial isolations as described by 
Dickinson (4) and Hanna (7) for smuts of the Ustilago tjpe were tried 
but were not satisfactory. Single spores of Tilletiatritici and T. levis 
did not germinate normally on culture media, although in mass normal 
germination was obtained. Edenholz and Heald (lO) found this to 
be true when they attempted to start cultures with single chlamydo- 
spores. Furthermore, the sporidia were produced in a crown at the 
tip of the promycelium and were difficult to separate. Until fully 
mature they could not be separated from the tip of the promycelium 
without injury, and when mature many of them were fused to form 
the H-shaped sporidia. 

Two fairly satisfactory methods were used in isolating single spo- 
^ ridia. In both methods the smut ball was carefully removed from the 
head, dipped momentarily in 95 per cent alcohol, flamed, and then 
crushed with forceps over a Petri dish of nonnutrient agar. This was 
mcubated at 15° C. from four to seven days until mature primary 
sporidia were formed but before there was much germination of the 
primary sporidia 

In the first method of isolation a suspension was made of the 
sporidia in sterile water and this suspension streaked with a platinum 
loop on a thin layer of nonnutrient agar in a Petri dish. The sporidia 
germmated in from 6 to 24 hours by sending out germ tubes into 
which the entire protoplasmic contents of the sporidium passed. 
The sporidia that were sufficiently isolated were then transferred to 
Thaxter's potato hard agar. This was accomplished with a glass 
needle drawn out to a diameter equal to two-thirds the length of a 
primary sporidium and rounded at the tip so as not to cause injury. 
The needle was sterilized by dipping it in alcohol. The sporidium 
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was removed, under the 16-mm objective of a microscope, by touching 
the needle to the evacuated portion of the sporidium and germ tube, 
and was deposited on the nutnent agar by drawing the needle across 
the surface at an oblicpie angle The sporidium was invariably 
deposited at the beginning of the stroke and, if the needle was not 
forced too deeply into the agar, could be readily seen and the isolation 
verified by loolang through the bottom of the Petri dish with the 
16-mm objective 

The second method was somewhat similar to the first in that all the 
operations were performed under the 16-mm objective All the 
sporidia were removed with the glass needle from the tip of pro- 
mycelium as soon as mature and transferred to a Petri dish of non- 
niitrient agar They were then separated from one another with a 
glass needle and transferred to nutnent agai one at a time 

The subsequent treatment was the same m both methods The 
isolated sporidia were incubated from 7 to 10 days at 15° C At the 
end of the incubation period the sporidia that were growing had 
usually developed a colony about 0 1 cm in diameter and were 
visible to the naked eye The colony was then transferred to a test 
tube of potato agar containing 1 per cent dextrose Only 1 per cent 
was used because a deficiency of sugar in the medium was found to be 
conducive to the maintenance of that stage of the fungus character- 
ized by the abundant production of secondary sporidia 

Because of the apparent difficulty m obtaining infection from bunt 
cultures, the following technic was adopted Prelude wheat, a suscep- 
tible spring variety, was soaked for one hour in a 1-400 Uspulun ^ solu- 
tion, washed thoroughly, and then dried The seed was germinated 
in sterile Petri dishes on filter paper When the germinating sprouts 
were one-fourth of an inch long they were inoculated by holding the 
seed between sterile forceps, puncturmg the stem near the base with a 
sterile needle, and working the inoculum into the wound The 
inoculated seedlings were again placed on moist filter paper m sterile 
Petri dishes and incubated four days at 15° C They were then 
transferred to cans of sterile soil, kept m temperature tanks main- 
tained at 15° for approximately two weeks, and then transplanted 
to a bench of steamed soil in a greenhouse maintained at 15° to 17° 

The single primary sporidial cultures tested were paired in all 
possible combinations, and 15 seedlings were employed in each test 
Lights were used in the greenhouse, and the wheat headed about 45 
days after it was transplanted to the bench 

EXPERIMENTAL RESULTS 
HBTEROTHALLISM IN TILLETIA TRITICI 

The pathogenicity of 12 single primary sporidial cultures derived 
from the same wheat head of Tilletia tnticx^ form 3, was tested alone 
and in all possible paired combmations Although 15 plants were 
inoculated in each case, that number seldom survived, owing to the 
severity of the injury at the tune of inoculation. As the object of the 
test was primarily to determme which matings produced infection, 
as evidenced by smut balls m the head, the number of surviving plants 
in cases where mfection occurred was not important However, it is 
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^recognized that the results in cases in which infection did not occur, 
even "when all inoculated plants survived, while strongly indicative, 
niay not have been conclusive 

It IS possible that pathogenicity is not synonymous with sexual 
compatibility It may be influenced by physicochemical or other 
factors entirely separated from sex However, until more information 
concermng the relationship of sexuaht}^ and pathogenicity becomes 
available, it seems advisable to consider the ability of two mono- 
spondial lines to produce smut balls m the wheat head as a measure 
of their sexual compatibility 

The results obtained in pairing 12 single primary sporidial cultures 
of form 3 of Tilletia tntici are presented in Table 1. These show that 
the species is heterothallic, for in no case was infection produced by a 
single culture A number of sex groups appear to be involved Hanna 
(8) and"^Chnstensen (2) have shown that this is true in Ushlago zeae 
Cultures 209 and 213 appeared to belong to one group which when 
paired with 240, 243, 263, 303, 304, or 306 were able to produce 
infection Although 240 and 243 did not cause infection when paired 
with 213, it is probable, in view of the similarity of reaction of 209 
and 213 to the other numbers m this group and because of the small 
number of plants involved, that they belong to the same group as 
263, 303, 304, and 306 Culture 235 produced infection only when 
mated with 302 and 305, showing the existence of another sexually 
compatible group Culture 262 failed to cause infection when paired 
with any of the other cultures. This indicates either that it had lost 
its vigor or that another sex group exists 

Table 1 — Results of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of foi m 3 of Tilletia tnitci 



HYBRIDIZATION OF PHYSIOLOGIC FORMS OP TILLETIA TRITICI 

In Tables 2 and 3 are given the results of pairing monosporidial 
cultures of forms 1 and 2 of Tilletia tritim with tw^o cultures of form 
3 which were known to be sexually compatible from preliminary work 
(6) Although these tests were Imuted and none of the four sporidia 
selected from either form 1 or 2 were compatible with one another, 
they showed that these forms readily hybridized wuth form 3 . Culture 
297 of form 1 caused infection when paired with culture 263 of form 3, 
and cultures 288 and 293 of form 2 reacted similarly with culture 209 of 
form 3. 
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Table 2 — Results of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of forms 1 and 3 of Tilletia tritid 


Form and culture No 


Foim 1 
205. 
297- 
299- 
300. 
Forms 
209- 
263. 


Form 1 


205 


297 


+ 


299 


300 


Form 3 


209 


263 


Table 3 — Results of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of forms 2 and 3 of Tilletia tntici 


Form and culture No 

Form 2 

Forms 

288 

290 

291 

293 

209 

263 

Form 2 

288 





+ 


290 - 

— 

— 






291 

— 


— 




293 



__ 

_ 



Forms 

209 

+ 





4- 

_ _ __ 













HYBRIDIZATION OF PHYSIOLOGIC FORMS OF TILLETIA LEVIS 

The tests of the pathogenicity of single and paired monosporidial 
cultures of Tilletia lems were not so extensive as those of T. tritid, A 
single test was made in which four cultures of form 5 and four of form 
7 were paired in all possible combinations The results are given in 
Table 4. 

Table 4 — Results of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of forms 5 and 7 of Tilletia levis 



Th^ test showed that the infection phenomenon found for Tilletia 
tritid was also true for T, levis. The species apparently is hetero- 
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thallic, as none of the monosporidial cultures alone was able to cause 
infection A number of sex groups appear to be involved None of 
the cultures of form 5, when paired with one another, caused infection, 
but they hybridized with sexually compatible cultures of form 7. 
Four of the eight cultures tested belonged to one sexually compatible 
group Cultures 223 and 286 of form 7 produced infection when 
paired with cultures 308 of form 7 and 219 of form 5 Culture 283 of 
form 7 caused infection only when mated with culture 281 of form 5, 
showing the existence of another sexually compatible group Cul- 
tures 245 and 264 did not cause infection when paired with any of the 
cultures, thus indicating the existence of another sex group, 

HYBRIDIZATION OF TILLETIA TRITICI AND T. LEVIS 

The question of hybridization of Tilletia tritici and T. lem$ in nature 
has frequently been raised The writer has examined over 10,000 
bunted heads of wheat and has found that the rough-spored and 
smooth-spored forms rarely occur together in the same smut ball or 
even in the same head However, all degrees of reticulation have been 
observed. Some of the spores were so finely reticulated that they 
could be distinguished only with diflSculty from the nonreticulated 
species, while others were so coarsely reticulated that they appeared 
almost spiny That there is abundant opportunity for hybridization 
to occur in nature is shown in a survey made by the writer. In 1930, 
samples of 50 to 100 smutted heads from each field were collected from 
fields widely separated in Washington, Oregon, and Idaho, and each 
head was examined for the presence of the smooth-spored and rough- 
spored species In Washington 46 out of 65 collections were mixtures 
of T. tntici and T. levis; in Oregon 26 out of 45 were mixtures; and 
in Idaho 9 out of 10 were mixtures. 

The results obtamed by inoculating seedlings of Prelude wheat 
with 5 monosporidial cultures of form 3 of Tilletia tritici, and with 5 
cultures of form 7 of T. levis ^ in all possible paired combinations, are 
presented in Table 5. These data show that the two species hybridize 
readily. Of the 10 cultures tested, 8 appear to belong to one sexually 
compatible group. Culture 308 of T. levis and cultures 263, 303, and 
306 of T, tritici belong to one sex, while cultures 223, 285, and 286 of 
T. levis and 209 of T. tritici belong to the other. Although the pair- 
ing 285 + 263 did not cause infection, it is probable, in consideration 
of the limited number of plants used and because of similarity in 
reaction of these cultures to the others in all the other cases, that 
other factors than sex were involved. Cultures 283 and 302 did not 
produce infected plants and may have belonged to a sex group the 
complement of which was not included in this test. 

The spores produced in heads infected by pairing a monosporidial 
culture of the reticulate-walled Tilletia tntici vdth one of the smooth- 
walled T. levis were identical in appearance with those of the latter. 
In this test nine interspecific crosses caused infection and. the spores 
were invariably smooth walled and somewhat ellipsoidal in shape. 
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Table 5 — Results of inoculahng Pielude wheat with single and paired cultures 
derived fiom single pnniary spondia of form 3 of Tilleha tntici andfoim 7 of T 
leins 



DISCUSSION AND CONCLUSIONS 

The pathogenicity of 20 cultures of Tilleha tnhci and 9 cultures of 
T levis, which had been derived from single primary sporidia, was 
tested In this group were three physiologic forms of T tntici and 
two of T, leiis These forms had been purified by varietal straining 
and were pathogenically distinct Prelude wheat inoculated with 
single cultures was not smutted, but the pairing of two sexually com- 
patible cultures caused normal infection 

The problem of the interrelationship of sex and pathogenicity 
appears to be complicated by the existence of a number of sex groups 
For example, cultures A4-B may cause infection, as may C + D, 
but any combination of A or B with C and D will not The existence 
of still other sex groups is indicated by cultures that failed to cause 
infection when paired with A, B, C, or D The members of the sex 
groups are specific, for in no instance was a member of one group able 
to cause infection when paired with one of another group 
Although the sex groups were very distinct, membership within a 
sex group was not confined to a particular physiologic foim or even 
to the respective species Into one sexually compatible group fell 
8 lines of form 3, 2 of form 2, and 1 of form 1 of Tilleha tntici^ and 1 of 
form 5 and 4 of form 7 of T lens Form 3 of T tnhci readily hybnd- 
ized with forms 1 and 2 of the same species and with form 7 of T, 
lens Forms 5 and 7 of T lens also hybridized These were the 
only combinations of forms tested, but it is probable that hybridization 
between other combinations may occur and may be an important 
factor in the origin of new physiologic forms 

In a study of the importance of hybridization and mutation in the 
origin of pathogenically different physiologic forms of Tilleha trihci 
and T levis, it is essential to obtain as pure a iine as possible of the 
diploid or pathogenic phase. 

Cytological studies of Tilleha tntici have been made by Kawitscher 
{14) j Paravicini (IS), and Dastur (3) These investigators found that 
a nuclear fusion precedes chlamydospore formation Therefore, the 
chlamydospores are hybnds unless the sporidia or monos poridial 
cultures that unite prior to chlamydospore formation are genetically 
identical except for sex. 
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Until the present time the only method that has been used for the 
purification of collections, m the determination of physiologic forms, 
IS varietal straining This has been done by inoculating dift'erential 
varieties on the theory that those forms m the collection to which the 
particular variety is i esistant vull be strained out Although Gaineses ^ 
results appear to bear out this theory, this method gives no assurance 
that a number of physiologic forms to which the variety may be 
susceptible are not present Theoretically the sporidia or gametes of 
a physiologic form should be genetically identical except for sex 
The cultures derived from the single primary sporidia of Tilletm 
trihci and T levis are heterothalhc Consequently these cultures are 
haploid and functionally gametic It should be possible to develop 
pathogenically pure diploid lines by mating haploid cultuies of the 
progeny to each of their parents and in turn mating haploid cultures 
of the progeny of this mating to each of the original parental cultures 
A repetition of this process should develop pure lines with greater 
certainty than the methods now used for developing pure lines of 
animals" and the higher plants, for instead of having two variable 
parental gametes, one gamete would be constant 

SUMMARY 

Tilletia tntin and T levis are heterothalhc Wheat seedlings 
inoculated with individual cultures derived from single primary 
sporidia remained healthy, but when moculated with paired cultures 
of opposite sex they produced smutted heads. 

The monosporidial cultures or Imes belong to a number of sex 
groups The members of each group are specific in their action, as in 
no instance was a member of one sexually compatible group able to 
cause mfection when pai'^ed with a member of another such group. 

Wheat seedlmgs inoculated with a monosporidial culture of T. 
tntici paired with one of T levis of opposite sex were smutted 

Monosporidial cultmes of three forms of T tritici and two forms of 
T levis were found to belong to the same sex group The spores 
produced by this species cross vrere identical in appearance vuth those 
of T levis The epispore wall was smooth, and the spores were some- 
what ellipsoidal and slightly angular in shape 

Ample opportunity for hybridization occiu’s in nature 
By properly pairmg the monosporidial cultures it should be possible 
to develop pathogenically pure hues of T tnhci and T levis 


^ Gaines, E F Op at (See footnote 2 ) 
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THE VITAMIN A, B, C, AND G CONTENT OF SULTANINA 
(THOMPSON SEEDLESS) AND MALAGA GRAPES AND 
TWO BRANDS OF COMMERCIAL GRAPE JUICE * 

By Esther Peterson Daniel, Associate Nutrition Chemist^ and Hazel E. 
Munsell, Senior Nutrition Chemist in Charge^ Nutrition Studies Sectionj 
Bureau oj Home Economics^ United States Department oj Agriculture 

INTRODUCTION 

During recent years a large annual surplus of grapes has been pro- 
duced in the United States, and the development of new grape 
products to take care of this increasing supply is at present an im- 
portant phase of the grape industry* Because of the general interest 
in a fruit so abundantly grown, it seemed desirable to study the 
nutritive value of grapes and grape juices more extensively than had 
previously been done. Raisins have received the attention of several 
investigators (S, 12),^ who apparently agree that this product contams 
very little if any vitamin A, a small amount of vitamin B, and no 
vitamm C. However, up to the present time very few data have 
been published on the vitamin content of fresh grapes and their 
juices, and because of the value of such information the present experi- 
ments were planned to determine the amount of vitamins in two vane- 
ties of fresh grapes as well as in two brands of commercial grape 
juice. 

Sultanina (Thompson Seedless) and Malaga {Vitis vinijera), 
European varieties, were the grapes selected for study. The Sultanina 
or Thompson Seedless is a raisin grape constituting about 90 per cent 
of the total crop of seedless grapes. In this country it is grown 
principally in California. The Malaga, a table grape, is also used for 
raisins and, together with the muscat, forms the chief source of the 
seed or seeded raisins. 

In addition to the fresh grapes, two brands of commercial grape 
jmce were analyzed for their vitamin content. The first, designated as 
commercial juice No. 1, was a mixture of juices approximately one- 
third from the Flame Tokay and two-thirds from the Zinfandel, 
European table and juice grapes, classified as Vitis vinifera. In the 
commercial process the juices after extraction from the fresh fruit are 
filtered and placed m cold storage until needed. Upon removal from 
cold storage, they are refiltered, sterilized through a machine at a 
temperature not to exceed 155° F., and bottled. The bottles of juice 
are then kept in a water bath held at 150° for 45 minutes. Sometimes 
a slight amount of tartaric acid is found necessary to bring the com- 
position of the product to the standard formula used by the company. 
No other mgredients are added to the juice 
Commercial juice No 2 was prepared from Concord grapes (Vitis 
labriisca), an American variety. In preparmg this juice the fruit is 
washed, stemmed, and crushed, heated to about 135° F., and the 
juice pressed out. The juice is pasteurized and stored in 5-gallon glass 
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carboys for several weeks to a few months to peiniit settlins,, it is 
then siphoned into bottles and again pasteunzed Sugar is geneially 
an added mgiedient 

VITAMIN A 

In the present study the vitainni A content of the grapes and giape 
juices was determined by the Sherman and Munsell method {14) 
The basal diet was ii radiated to supply vitamin D After the custom- 
aiy depletion period of fiom four to five weeks, certain gi'oups ol* 
rats were fed daily six times pei week weighed portions (1, 3, and 5 
gm , respectively) of seeded Malaga giapes Ceitain other groups 
received the wSultamna iii the same amounts at the same mteivals 
The commercial juices were given m daily doses of 2, 3, and 5 c c 
for the same number of days each week The results aie shown in 
Figure 1 and Table 1 

Table 1 — Suunval oj )aU leccivinq vanous quantities of qiape juice as the sole 

so nice of into mm A 


1 

Test food j 

Dailv 

portion, 

6 time's 
per veek 

i 

Rath 1 

\\erage 

1 weight 
of lat&at ' 
4 weeks ' 
of age 

A\eiage 
weight 1 
of rats at 
end of 1 
1 fore 
pel lod 

Vveiage 
tune of 
foie 
peuod 

Average 
time of 
suivual 
aftei 
foie 
period 

Aveiage 
total time 
of bUl- 
V ival 
aftei 4 
weeks 

Commercial grape juice No 1“. 

Commercial grape juice No 2 

C c 

2 

3 

5 

0 

2 

3 

■ 5 

0 

Number 

0 

8 

8 

7 

8 

8 

8 

8 

Gramn 
4,") 8 1 
4o 9 
43 4 ' 
4f) 1 : 
r>6 0 i 
52 5 
50 2 
52 9 i 

Grarni, 

\ 95 2 

99 9 
' 95 0 

1 99 3 

1 108 2 

' 101 2 

1 98 9 

105 8 

Dnyi 
iZ 6 
ii 9 

33 5 

34 3 

35 8 
35 6 
35 9 
35 8 

Days 

21 7 
^ 23 3 
27 2 
30 3 
23 () 
19 5 
23 6 
10 3 

i 

Days 

55 3 
57 1 
00 7 
04 0 
59 4 
55 1 
59 5 
52 1 


« A mixture of juices, one-tlnid from the Flame Tokaj and l\xo-thirds from the Zmfandel, which are 
European table and juice grapes classified as vinifera 
1 rat lived out the full experimental period 
c Juice prepared from Concord grapes, T’ labrmca 


Sherman {12) reported the presence of vitamin A both in grapes 
and in grape juice, but the variety of grapes was not indicated He 
stated that an ounce of grapes contained 16 to 22 units of vitamin, 
i e , 0 57 to 0 7 unit per giam If a umt of vitamin is present in that 
amount of the test food necessary to produce a gain of 25 gm in 
eight weeks, then 1 75 to 1 43 gm of the fruit were necessary to pro- 
duce this unit gain In the present study, in order to obtain a gam 
of 25 gm. in eight weeks, it was necessaiy to feed approximately 5 gm 
of grapes m the cases of both Sultamna and Malaga These results 
indicate that Malaga and Sultanma grapes are less rich in vitamin A 
than the grapes studied by Sherman Nevertheless, the growth 
response induced by these varieties shows the presence of a small 
but measurable quantity of vitamin A 

Neither of the commercial juices tested showed any indication of 
the presence of vitamin A With but one exception the animals died 
long before the termination of the experiment and sho vved no better 
growth than the negative controls. (Table 1 ) Upon autopsy the 
gross anatomical changes due to a deficiency of vitamin A were found 
to be as severe in the test animals as in the controls. 
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VITAMIN B (ANTINEURITIC) 

Recorded data furnish but scanty information regarding the 
vitamin B content eithei of giapes or of their juices Osborne and 
Mendel in 1920 {10) reported that when 10 c c of commercial grape 
juice was fed daily it was found to contain some ''water soluble 

but in amounts insiifh- j 

cient foi the normal 

growth 01 rats Sherman ^ I __L_ 

[12) reported the occur- | ^ W 

rence ol / to 9 units oi ^ 

vitamin B pei ounce of ^ /o 

grapes Both of these | 

investigators, however, ^ 

were consideiing the v 7 

\utannn B complex be- 

fore cognizance had 
been taken of the anti- ^ 

pellagric factor. There 

appears to be no lecent v 

data legal ding the vita- '""n, ucoAfrpo^ 

inin B content of these « 
pioducts 

The vitamin B (anti- 

neuntic) tests were car- I 

lied out accoidmg to a ^ 

method worked out in | 

this laboratory, similar | 

to that outlined bv <5. ^ 

Chase (f) Rats, 28 ^ yc 

daj^s old, were placed on | 

diet 107 G, which fur- | 

nished, with the excep- ^ 

tion of the antineuiitic ^ n 

vitamin, all factors I? 

necessary for normal n \f 

growth and apparent ^ \ 

well-being of the am- \ 

mals This diet had the ^ \L 

following composition co/^t/zol 

Vitamin B-free casein, 

IS pei cent, staich, 58 o /<? so so ^o so so to 
per cent, 3 mast (auto- t/at^ /// 
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16 pei cent, staicn, o6 o /o so so ^ so so to 

per cent, 3 mast (auto- t/at^ /// 

claved foUI hours at 20 FigireI —Averge gam oi loss eight of groups of joung rats fed 
_ ^ \ f\ ^ SuHanma and Malaga giapps (Vif IS rin?fm) as the sole source 

pounds pressure], lu per Ofvitamm V The biokenlmes begin at a point indicating the 
f»Anf ryaKriT»'n» oecunence of the first death m the group The numerals along 

t e 11 u , & u u 1 11 1; a n u numbei of rats sur\ iving at all times during 

JMendei salt mixture, 4 the test period The weighed quantity of grapes fed dailv si\ 

per cent , butterfat, 8 per 

cent, and cod-hver oil, 2 per cent All of the ammals were kept on 
this \itainm B-free diet for two weeks, a period of time judged from 
former observations in this laboratoiy to be sufficient to deplete the 
animals of their stoie of the antineuritic vitamin 


At the end of this depletion period the lats were given ^weighed or 
measured portions of the material to be tested Both varieties of 
grapes wwe readily consumed, but a temporary difficulty was expe- 
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rienced m getting some of the animals to take the grape juice The 
Malaga grapes, after the removal of the seeds, were fed in portions of 
0 5, 1, 2, 3, 5, and 6 gm , respectively, while the Sultanina grapes 
were given in amounts of 3, 5, and 6 gm. Each of the two samples 
of jmce were fed daily from small glass containers in 2, 3, and 5 c c. 
portions The results are summarized in Figures 2 and 3. 

Figure 2 shows that 5 and 6 gm of fruit in the case of both Malaga 
and Sultanina grapes induced approximately the same gain in weight, 

indicating that the max- 
imum elfect of the 
grapes as a source of 
vitamin B had been 
reached. A maximum 
average gain in weight 
of 17 5 gm. resulted 
from feeding both 5 and 
6 gm. of Malagas, while 
5 gm. of Sultanina pro- 
duced an average gam 
of 18 8 gm and 6 gm. 
portions of this same 
grape gave 216 gm gam 
m weight. These rates 
of growth of the test 
animals indicate that 
the two varieties of 
grapes are fair sources 
of vitamin B. 

From Figure 2 it may 
also be observed that 
the growth curves for 
these animals show a 
maximum point be- 
tween the sixth and 
seventh week of the tost, 
after which there is a 
loss in weight to the end 
of the period. It was 
difficult to obtain as 
good grapes at the end 
of the season as had 
been fed through the 
major part of the exper- 
iment, but this consist- 
ent drop in weight in all 
of the animals can not 
be explained satisfactorily on the basis of poor-quality grapes, since 
only a comparatively few animals received the mferior product. It is 
entirely possible that another factor necessary for normal growth was 
absent frorn the diet, and upon the depletion of the reserve store of 
this factor in the animal body the growth curves began to show a 
decline. 

_ The failure of commercial juice No 1, in 2, 3, and 5 c c. daily por- 
tions, to induce growth indicates the absence of any measurable quaii- 
titv of vitamin B in this erane iuice fFie. 3.) On the other liaml, 



Figuke 2 —Average gam or loss m weight of groups of young 
rats fed Sultanina and Malaga grapes {Vitts mmfera) as the 
sole source of vitamin B (antineuritic) The broken lines 
begin at a point indicating the occurrence of the first death in 
the group The numerals along each curve show the number 
of rats survivmg at all times durmg the test period The 
weighed quantity of grapes fed daily six times a week is 
mdicated at the end of the curves 
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Figure 3 shows that commercial juice No. 2 contains the antmeuritic 
vitamin. The amount is only minimal, however, since a daily portion 
of 5 c. c. of this juice induced a total gain in weight of only 3 to 4 gm, 
during the entire tost period. 


VITAMIN C 
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Table 2 — Suivival of guinea pigs leceunng vanons quantitieH of comniocial 
giape pnce No 1 {jmce of Flame Tokag and Zinjaudd giape,s, VUis virnjvia) 
as the sole souice oj vitamin C 


I)aib dose, (> times iier week 

Guinea 
pig No 

V eight 
at begin- 
ning 

Ma\i- 

imim 

weight 

\\ eight 
at end 

Sunn al 

Se\oiil V of M'un \ 
.svmiilonksat aulops\ 


245 F 

Grams 

338 

Grams 

371 

Gram<i 

202 

Days 

35 

JSlodeialo to sox ere 

10 c c - 

254 F 

320 

116 

203 

30 

1)0 


2b8 F 

323 

350 

232 

32 

Uo 


272 F 

127 

316 

216 

29 

Moderate 

1 

251 F 

322 

384 

2J0 

19 

Do 


252 F 

325 

335 

206 

28 

Severe 

8 c e - 

257 F 

323 

363 

195 

32 

1)0 


2hlF 

328 

337 

214 

27 

Model ale to severe 


274 F 

319 

319 

198 

28 

Moderate 


250 F 

330 

401 

213 

36 

Moderate to ^overo 

(c c 

263 F 

329 

349 

182 

30 

Mild 


■ 209 F 

324 

341 

106 

33 

Seveic 


273 F 

310 

310 

242 

19 

Mild 


' 162 F 

351 

427 

247 

35 

Model lie to sexeie 


262 F 

327 

347 

222 

25 

Sevei c 


118 M 

344 

344 

245 

27 

Xrodeiate 


122 M 

409 

467 

2f)7 

15 

Sev eie 


152 M 

327 

379 

201 

16 

Do 

0 c c « 

153 M 

300 

190 

202 

37 

Do 


170 M 

402 

459 

285 

37 

1)0 


177 M 

367 

31)7 

221 

1 21 

Do 


182 U 

301 

413 

251 

15 

Do 


259 U 

351 

42,1 

211 

33 

Do 


270 M 

316 

322 

217 

17 

Do 


« The 9 males were controls carried with other evperimenth iii this laboratoij’ 


Tests on the commercial juice No 2 and the fresh grapes wore con- 
ducted according to the method of Hojer (7, 5), who determines the 
degree of scurvy by a study of the pathological condition of the teeth 
Attention is focused especially on the microscopical examination of 
a cross section of the root of the incisor tooth of the guinea pig 
Hojer claims that this method is more sensitive than the one used 
by Sherman A comparative study of these methods has been made 
by Eddy (4) and Goettsch and Key {6) Following Hojer’s technn*, 
they found that twice the amount of test food is requiied to afford 
complete protection when the criterion depends on a histopathologi(‘al 
examination of the teeth, than is appaiently necessary when judgment, 
is based on the gi oss external and internal anatomical changes. 
Hojer has shown that differential changes in tooth striict-un' begin 
to take place between the tenth and fourteenth day of the tc'st arid 
are materially sharpened as the experiment conliniics 

In the present study an 18-day test period was adopted. During 
this time 10 and 12 c c portions of grape juice weio fed to guinea, pigs 
weighing between 300 and 350 gm Because earlier evidence had 
indicated that there was little if any ^ntamin 0 present in grape juic^e 
it was considered unnecessary to feed this test food in smalhu- quan- 
tities Twelve cubic centimeters was the maximum daily amounf, 
which the guinea pigs would take Seven animals wei’c iisocf vSeeded 
Malaga grapes were given in 2, 5, 10, and 15 gm portions to 1(> ani- 
mals, while Sultanina grapes in the same quantities were fed to 12 
On the eighteenth day the animals were killed, the ineisor teeth 
removed, and sections prepared 

Figure 4, A, shows the structure of a normal tooth taken from one 
of the control animals that had received an adequate supply of vitamin 
C from a daily allowance of cabbage Figure 4, B, portrays ibe <a)n- 
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dition of the tooth of one of the negative control animals fed only the 
basal diet with no antiscorbutic vitamin for 1 8 days From Figure 
4, A, it may bo obseived that the normal tooth possesses a wide band 



Kiointrc 4.* -A, St'cUon of a normal incisor tooth taken fiom a guinea pig fed a diet complete in all 
necessary factors; B, section of a tooth from a scorbutic guinea pig that received a vitamin C 
deficient diet for 18 days 


of ovonly stainod dcntinci inside of which is a narrow layer of uncal- 
cifiod predentine, and then a row of very tall parallel columnar 
odontoblasts surrounding the normal pulp. An inadequate supply 
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ol Titamin C causes the layer of dentine to become narrower, the 
predentme becomes calcified, and the odontoblastic layer of cells loses 
its soldierlike formation, while the cells themselves become shorter 
and gradually work their way into the pulp cavity to junction as 
osteoblasts, the bone-forming instead of the dentine-forming cells 
Consequently the scoibutic condition portrayed in the tooth structiure 
in Figure 4, B, can be leadily recognized even before the guinea pig 
develops outward symptoms of scurvy 

All of the teeth taken from the guinea pigs receiving commercial 
grape juice No 2 showed marked pathological conditions analogous 



Figlre 5 — A, Section of an mcibor tooth taken from a guinea pig recening 11 gni of Malaga 
grapes as the sole source of vitamin C, B, bec*tion ot a tooth horn a guinea pig receiving 15 gm of 
Sultanma grapes as the sole source of vitamin C 


to those portrayed in Figure 4, B Thus, it is concluded that this 
juice contains no appreciable amount of vitamin C 

The sections prepared from the teeth of animals fed 2-gm and 
o-gm supplemental portions of either Malaga or Sultanma grapes 
showed that neither variety in these quantities prevented the occui'- 
rence of severe pathological changes in the teeth While there was a 
slight protection m the teeth of guinea pigs fed 10 gin of grapes, 
still this quantity furnished far too little vitamin C to give a normal 
tooth structure Figure 5, A and B, representative of the teeth of 
those animals receiving 15 gm daily of Malaga and Sultanma grapes, 
respectively, shows that even this quantity of the fruit was insunicient 
to afford border-line protection Of the two varieties of fresh grapc's 
studied, Sultanma contained the greater amount of vitamin V (fig. 
5, B),15gm of this fruit offered approximately the same protection 
as 2 c. c of orange juice (Fig 6 ) 



yiLviih (}. -'Swtiou of an Incihor tooth Uikmiroma ^;umea piK receiving 2 « c* of tah 
oinngo jmco (inilv the .solo souico of vilatmii (’ 

A method for the (letenmnation of vitamin G was worked out in 
this laboratory, and is similar m some respects to that used by Sandels 
(11) For a period of two weeks, 2<S-(lay-old rats were j^iven the 
basal diet alone in order to depleh'. them of any vitamin () that mi^ht 


VITAMIN G (Ba) 

No repoit of any kind has been found that gives the vitamin G 
content of grapes or grape jinee 
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be stored in then bodies Vitamin B was supplied m the form ol an 
80 per cent by weight alcoholic extract of white corn winch up to 
the present time has been found m this laboratory to be the most 
satisfactory source ot vitamin B free from grossly mtorfej'ing amounts 
of vitamin G The basal diet consisted of the following ingicdients 
Purified casein, 18 per cent, Osborne and Mendel salts, 4 per cent; 
butterfat, 8 per cent, cod-liver oil, 2 per cent, starch, 08 -A" per 

cent,^ and corn extract, 
X per cent Suita rim a 
grapes were fed to the 
different groups of ani- 
mals in 0 5, 1, 2, 3, and b 
gm daily portions six 
times per w e e k ; the 
Malagas were given m 
the same manner in 2, 
4, and 6 gm amounts, 
w'hile each grape )iu(‘.e 
was fed m 2, 3, and b 
c c allotments. Th(' 
experiment covered a 
period of 10 weeks, but 
no significant changes 
occurred during the 
ninth and tenth weeks, 
and therefore only s 
weeks of the test are 
portrayed in the curves 
showing the rate of 
growth of the animals. 
(Fig 7 ) 

The animals that 
received an insuflicient 
amount of vitamin (I 
firstshowedwoolliness of 
fur and then a thinning 
of the hair, espernally 
on the sides of tlu^ luuid. 
About the sixth we(d\ of 
the test a browmsh-nMl 
d 1 s (i h a r g e a ]) j) (' a, red 
caked along the inner sides of the forelegs and paws, and considiM’ablt^ 
of this material appeared on the nose and whiskers of the ammaJs* 
Although it strongly resembled blood, there w'as no sign of broken 
skin or bleeding on the legs^ directly under the deposit, and it was 
not possible to obtain a positive blood reaction when the benzidine 
test was used Upon autopsy, the contents of the stomach and m- 
testmes appeared very similar to this discharged material. Very 
often lesions appeared on the side of the head out from the eyes 
and the corners of the mouth The animals seemed very nervous 
and spent considerable time rubbing their heads Priapisn’i was very 
commonly found. 



/A^ £>^yiS' 

PiGUHE 7 —Average gam or loss in weight of groui>s of vouiig 
rats fed Sultanina and Malaga grapes ( Vitis vimfei a) and t\v o 
Drauds of commercial grape juice (No 1 from Flame Tokay 
and Zmfandel grapes, V vimjera, No i from Concord giapes, 
V labrmca) as the sole source of vitamin G (Bi) The quan- 
tity of grapes in grams and the cubic centimeters of juice fed 
daily si\ times per week is indicated at the end of each re- 
spective curve The numerals in parentheses indicate the 
niimtaer of animals subjected to each respective test 


^^•^represents the amount of extract, evaporated on cornstarch, oblained through Uie extraction of tio 
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Sultanina grapes in 5-gni daily portions induced an average gam of 
13.7 gin for the entire eight weeks and therefore contain a small but 
significant amount of vitainm G The animals receiving the Malagas 
did not make sufficient giowth, as shown in Figuie 7, to indicate the 
presence of any of this Mtamin From the same figure it may be 
seen that neither juice <*ontains any vitamin G 

SUMMARY 

Fresh Sultanina (Thompvson Seedless) and Malaga grapes 
mmifera) and two brands of commei-cial grape juice (No 1, a mixture 
of juices from Flame Tokay and Zinlandel varieties, v}7nfera, and 
No 2, the juice from Concord grapes, V lahrusca) were tested for 
their vitamin A, B (Bi), C, and G (B 2 ) content The results showed 
that. 

Both vanoties of grapes contained a small but measurable amount 
of vitamin A There was no evidence of this vitamin in either juice 

Vitamin B (antineuritic) was present in fair amounts m both kinds 
of fresh grajies tested and in small cjuantity in the commercial juice 
designated as No 2 Ckmimercial juice No 1 did not contain vitamin 
B in a measurable (piantity 

Fifteen grams of fresh grajies fed daily w^cre found to contain 
insullicienf- amounts of vitamin C to protect guinea jngs from scurvy 
as determined by the Ilojer method This cpiantity of vSultanma 
grajies fmnished ajiproximately the same protection as 2 c c of orange 
juice and contained more of the antiscorbutic vitamin than the Malaga 
grapes There was no mduuition of vitamin C, as determined by the 
Sherman method, in eommereial juice No 1. Tests made by the 
Hojer method iruhcati'd the absence of antiscorbutic vitamin in 
commercial juice No 2 

Sultanina grapes appeared to contain a mmimal amount of vitamin 
G, w^hile Malaga griijies and both juices were lacking in this vitamin 
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FACTORS influf:ncing the changes in oxidation- 
reduction POTENTIAL ON THE REDUCTION OF 
METHYLENE BLUE IN MILK ‘ 

V C Danij Badvnoloqi^t, and Olionn A Aikins, Re^eauh Fellow, 

Konsas AipK ulliual ExpentncHl Flation 

INTRODUCTION 

The inethylcno blue reduction test as it is used to-dav is one of the 
most practical tests for determining the quality of milk Although 
the early conceptions oi biological reduction processes have been 
com])lctely reorganized, the selection of the dye and the concentration 
employed have not been changed by a more fundamental undei- 
standing of the factois involved The newer conception of the 
methylene blue reduction test is the result of studies of reducing 
intensities of biological systems Foi the most pait, these studies 
have been ol a. more fundamental and theoretical nature, with less 
emphasis upon tluur practical application to the reductase test 

In this paper an attempt js made to correlate the factors mfluencing 
the (‘hanges m oxidation-reduction potential yith the reduction of 
methylene blue in milk 


LITP]RATURE REVIEW 

Fied presented an excellent historical review of the early 

literature pei taming to dye reduction by microorganisms. As a result 
of his own researches, Fred fiimly established the dependence of 
reduction time of methylene blue in milk on the quantitative and 
qualitative aspects of the original bacteiial flora The probability 
that the reduction of methylene blue might be due to some constituent 
of the milk was suggested by Barthel (/) and Hastings {J8) 

The first evidence that the reducing intensity of bacterial cultuies 
might 1)(‘ mea-surahle in tc'rms of electrode potential was presented by 
Gilles[)ie (KI) In measuiing the reduction potentials of bacterial 
suspensions and of water-logged soils, he observed a trend toward 
more negative, reducing intensities. 

{'lark {/)) measured the equilibrium potentials of the systems 
methylene blue - methylene white and mdigo-indigo white As a 
result of these studies, he established (piantitative values for the 
different redmang intensities indieatod by these systems 
Following a study of the significance of anaerobiosis, Hall (17) 
states that adsorption plays an important role in the decolorization 
of dyes by porous substances such as animal and plant tissues. 
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Hastin 2 :s, Davenport, and Wright {19) conclude that the reduction 
of methylene blue is very intimately connected with the vital pro- 
cesses of the cell rather than with any extracellular bv-products 
By niicromiection of several reversible o\idation-]*eduction uuU- 
catoYs mto Amoeba proteus find A dubia, Needham and Needham {'lA 
and Cohen, Chambers, and Reznikolf (S) found that th(‘se pi’oiozoa, 
maintain a fairly constant reduction potential 

In 1920 Clark {5) presented a comprehensive basis for interjireting, 
in terms of electrode potential, the results given by biolognad redm^- 
tion of reversible oxidation-reduction systems Cla-ik and his asso- 
ciates (6) made a quantitative study of the potential of a large nunilxu* 
of the oxidation-reduction indicators, including inothylenc blue, and 
determined the relative position of these indicators on the potential 
scale They presented the time * potential curves of samples of 
inoculated, bottled, and fresh milk 

By measuring the potentials of cells, extracts, and cultures, Cannan, 
Cohen, and Clark (3) showed a general correlation between the reduc- 
tion potential of a cell suspension, the cellular reduction of a dye, and 
the reduction potential of the same dye as detei mined m ])urc solu- 
tion They showed also that different species of bacteria, attain 
different levels of reducing intensity and follow different courses 
Coulter (9) observed the parallelism between the reducing intensi- 
ties induced by bacterial respiiation and those attained by the removal 
of oxygen from sterile bouillon He concluded that the develo])ment 
of the characteristic negative limits of intensity in bacterial cultures 
can not be attributed entirely to reductive processes direcdly depend- 
ent upon the action of living cells 
Cohen (7, p 16-17) states 

Bacterial cultures m broth and synthetic media develop progressive! v increasing 
reducing intensities which have been followed electioniotncallv Oxidation- 
reduction indicators, within the limits imposed by chemical reactivitv and narrow 
useful range confirm the time potential curves The levels of reduction poten- 
tials attained by cultures of different bacteria aie more or less difforcMd and 
characteristic. 

Sterile broth when protected from the atmosphere by a Viisclinc 
seal IS capable of reducing a number of dyes, including methyhme 
blue, as demonstrated by Diibos {10) ^ 

Thornton and Hastings {2Jf) observed a very close similarity Ix'- 
tween the potential time curves of milk with and without methyhuu' 
blue Although the potentials of the zone of visible reduction of 
methylene blue in milk were found to be variable, they were always 
more positive than the theoretical zone in pure solutions of this dye 
at the same pH value These authors were able to dcooloilze tlie (\yo 
in milk by deaeration and to restore the blue color l)y aeralion. 
They state {2S) that their work tends to confirm BarthoPs {2) ilmny 
of methylene blue reduction in milk 

It was shown by Fildes {11) that the period required for the g(U‘im- 
nation of spores of Bacilhs tetam depends mainlv on the time recjuired 
for the medium to reach a suitable reducing intensity Tlu^ same 
writer {12) reported that the subcutaneous tissues of a living guimai 
pig maintain an En on the positive side of reduced methylene blix% 
and that the En becomes more negative at the death of th(‘ animal. 

Lepper and Martin {21) reported that cooked-meat imxlia wlum 
exposed to air was reduced by cultures of two aerolxNs and liv<‘ ana- 
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erobes Hewitt (SO) tneasured the potentials of three cultures m 
several kinds of medium, and found that Conjnehactenwn diphtheriae 
and Stajihylococcvs avieus were usually able to attain more negative 
reducing intensities than a hemolytic sti*epto(*occus, 

METHODS 

Burnished platinum foil electrodes were chosen after an extensive 
coiu])a.rison of results obtained in parallel tests with gold foil, gold 
wire, platinum wire, and gold-plated platinum electrodes Electrodes 
1 cm square were submerged to a depth of about 2 inches m approxi- 
mately 50 c c sam])les By means of suitable switches leads from six 
electrodes were (mnnccted to a Leeds and Northrup type K poten- 
tiometer A saturated KCl calomel half cell was used as the reference 
electrode. Connc(‘-tions were made from the reference electrode to the 



samples under measurement by jueans of a saturated KCl liuqid 
junction and satura-t.ed K(^l- agar bridges Samples were imuibated 
m a wa,t(‘r batli maintained at 37° + O. Potential readings taivcn 
at suitable intcnwals were jvdiiced to the hydrogen^ standard (En) 
and plotted as the ordimite against time as the abscissa 

EXPERIMENTAL DATA 

EFFECT OF THE PRESENCE OF METHYLENE BLUE IN MILK ON THE FORM OF THE 
POTENTIAL TIME CURVES 

A sample of market milk was divided into three parts, to two of 
which was added the standard amount of methylene blue ordinarily 
employed in the reductase test (1 : 200,000), The oxidation-reduction 
potentials of these throe identical samides were followed through the 
entire course of the reduction process The marked similaiTty of the 
potential: time curves (fig 1) of the samples with and without methy- 
lene l>lue suggests that this (‘xmcentration of dye has no marked effect 
upon the trend of the potential drift. 
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The effect of incorporating oxygen by shaking is illustrated m 
figure 1 by the solid line The blue color had completely disappeared 
at''point u, and at point h the sample was shaken vigorously for 30 
seconds The return of the potential to approximately the original 
positive values was accompanied by a return of the blue color The 
coloi had agam disappeared at point c The second drop in potential 
in this sample was not so rapid as that occurring in the other two 
samples, probably because of the deterring effect of the incorporated 
oxygen on potential diift Attention is called to the marked similarity 
of fhe curves m Figure 1 with those published by Thornton and 
Hastings [24) illustrating a similar experiment The form of the 
potential time curves, the zones of decolonzation, the eff’ect of 
incorporated oxygen, and the negative limits attained are almost 
identical with the results obtained by Thorton and Hastings 

In further studies, air was bubbled into a sample of milk plus 
methylene blue after the potential had reached the negative En limit 
of —0 2 volt The potential returned almost to the positive extreme, 
but the blue color did not return The potential was observed 30 
minutes after the positive extreme had been reached and was found to 
be falling rapidly to the negative side 

EFFECT OF THE BACTERIAL FLORA IN MILK ON THE FORM OP THE 
POTENTIAL TmE CURVES 

Claik and his associates {6) and Frazier and Whittier {IS, 14) 
reported that various species of bacteria lun characteristic courses 
and attain different levels of reducing intensity, thus giving rise to 
vanous though characteristic forms of potential time curves The 
results of these investigators suggest a plausible explanation for 
some of the difficulties commonly encounteied in the practical appli- 
cation of the methylene blue reduction test Frequently, the time 
elapsing between the first evidence of diimnution of color and complete 
decolonzation of the dye is so prolonged as to render the end point 
very indistmct It is not uncommon to find samples of milk m which 
30 to 60 minutes elapse between the beginning and the end of visible 
reduction of methylene blue Apparently this is due to the type or 
types of organisms which dominate the flora of the milk 

In order to deternune whether the vanations reported m the 
literature on pure culture studies could be reproduced with the mixed 
flora of market milk, the oxidation-reduction potentials of samples 
incubated at various temperatures were noted It was commonly 
observed that most fresh nulk gave a potential time curve which 
fell rapidly through the zone of reduction of methylene blue in less 
than five minutes, whereas for the same milk after 48 hours at 3^ 
to 5° C the time elapsing between the beginning and the end of 
visible reduction frequently exceeded 30 minutes Although the 
trend of the curves obtained from samples incubated at higher 
temperatures were quite variable, the results emphasize the signifi- 
cance of the donnnating organisms in the flora as a factor which may 
be responsible for the slow reduction of the dye m some samples of 
mffk Plotting the potential drift of a large number of samples of 
milk has shora considerable variation in the form of these curves 
The curve for a sample of fresh millv is characterized by a rapid fall 
from the positive to the negative extremes If a sample of milk 
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giving rise to this form of curve contains the standard amount of 
meth 3 dene blue, the interval between the beginning and the end of 
visible reduction will be short, usually- less than five minutes It was 
commonly observed that the bacterial flora of milk held 48 hours at 
3° to 5° C. gave a potential * time curve which fell slowly to the nega- 
tive extreme This was accompanied by a slow decolorization of the 
methylene blue, frequently observed to extend over a period of 30 
minutes It is evident that a rapidly^ falling potential vull pass through 
the zone of visible reduction m less time than one that falls slowly, 
thus explaining the variations in time reqmred for decolorization of 
the dy^e in different samples of milk 

EFFECT OF FAT ON THE ZONE OP REDUCTION OF METHYLENE BLUE 

It vas noted that when the standard amount of methylene blue 
V as added to skim milk the dye decolorized between the values of 
zero and +0 05 volt The potentials of this zone are approximately 
0 1 volt more negative than the zone of decolorization of the same 
amount of methydene blue when added to whole milk It was also 
observed that the same amount of methylene blue, when added to 
cream, decolorized between the En limits of +03 and +02 volt 
The potential of this zone is approximatelyT- 0 1 volt more positive 
than that observed for whole milk 

To determine more definitely the potential of the zone of reduction 
of methylene blue in milk of various percentages of fat, sterile 40 
per cent cream and sterile skim milk were mixed m suitable propor- 
tions to obtain six solutions containing 40, 30, 20, 10, 5, and 0 per 
cent of fat The solutions were inoculated equally with a 24-hour 
culture of Streptococcus lactis, and the standard amount of methydene 
blue was added to each The oxidation-reduction potentials were 
followed, and the potential * time curves of the six solutions are 
presented m Figure 2 The potentials of the zone of reduction of the 
methydene blue aie indicated by triangles at the right of the respective 
graphs 

The potentials of the zone of reduction of methylene blue m skim 
milk are more negative than those observed m the case of cream 
Methylene blue was reduced in skim milk between the En values of 
+ 0 092 and +0 050, and in cream between the values of +0 275 
and + 0 245 The zones of reduction in the other samples, vuthout 
exception, became more positive as the percentage of fat was increased 
The potentials of the zone of reduction of methylene blue m skim 
milk appioximate more closely the theoretical zone for this dye in 
aqueous solution as reported by Clark and his associates (6) 

The potentials of more than 25 samples of skim milk have been 
measured, and in no case has the methylene blue been observed to 
be reduced at a potential more positive than +0 1 volt The zone 
of reduction of methylene blue m 50 samples of 40 per cent cream 
was never observed to be more negative than + 0.225 nor more positive 
than +03 volt It may be noted that the form of the potential : 
time curves is not affected by varying the percentage of fat 

Other factors being equal, it would require a somewhat longer time 
to reduce methylene blue m skim milk than in 40 per cent cream 
with the same original bacterial content In the case of skim milk 
the oxidation-reduction potential must be carried to the negative 
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Imiits of approximately 0 05 rolt, whereas in the case of 40 per cent 
cream visible lediiction is usually complete at an Enoi +0 25 volt 
The exact manner m which fat alters the zone of reduction is not 
known Studies of oxidation-i eduction phenomena have been lim- 
ited largely to simple equilibiia in aqueous solutions Many of the 
fundamental aspects of the simplest systems are yet to be understood 
The present status of our knowledge of these simple equilibria cer- 
tainly does not encourage speculations with respect to complex 
systems of unlvnown composition, as is the case with biological fluids 
"fhe more positive zone of reduction of methylene blue in cream than 
in skim milk may involve some unknown factors m oxidation-reduc- 
tion equihbria The work of Hall {17) suggests the possibility that 
adsorption of the dye may play a r61e m this connection 
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FiGr'TiE 2 —Relation between the percentage of fat m milk and the zone of reduction of mctlnlcne 
Diue A, Skim milk, B, 5 per cent fat, C, 10 per cent fat D, 20 per cent fat, E, 30 per cent fat , F, 10 
per cent fat Potentials of the methvlene blue zone of reduction are indicated black tnangJt'' 


Cm-sory experiments indicate that approximately four times as 
much methylene blue must be added to 40 per cent cream to give 
the fust perceptible tinge of blue as is required for skrni milk Con- 
versely, m the deeolorization of the dye, the point at which color is 
no longer discermble will be reached sooner in cream than in skim 
milk. The addition of the standard amount of methylene blue 
iniparts a distinct blue color to skim milk, but only a veiy faint blue 
tinge to 40 per cent cream The loss of only a slight amount of the 
Wue dye by reduction m cream results m a disappearance of color. 
Obviously, this pomt of visible reduction will be reached very soon 
after the potential begins its swing toward more negative values 
In the cm of skim milk the blue color persists until more negative 
potentials have left only a relatively small percentage of the dve in 
the oxidized or blue form Although this is not offered as a complete 
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explanation of the more positive zone of reduction of methylene blue 
m cream, the quantity of dye necessary for colorization or decolori- 
zation must be taken into consideration 

If the detection of color is dependent on a requisite mmmium num- 
ber of molecules of the oxidized form of the dye, one would expect the 
addition of larger amounts of methylene blue to lower the zone for 
cream to the approximate En values observed for skim milk The 
results of experiments in which various amounts of dye were added 
are presented in Figure 3 

EFFECT OF THE CONCENTRATION OF DYE ON OXIDATION-REDUCTION POTENTIALS 
Zone of Visible Reduction 

The zone of reduction of cream and skim milk may be moved up 
and down the potential : time curve at wull by the addition of various 
quantities of dye In Figure 3, curves A, B, C, and D are represent- 
ative of many experiments made to determine this point 



Figurf 3 —Relation between the concentration of methvlene blue used and the zone of reduc- 
tion m skim milk and m 40 per cent cream A, 1 200,000 of methylene blue m skim milk, B, 

1 200,000 of methylene blue m cream, C, 1 16,000,000 of methylene blue m skim milk, D, 

1 10,000 of raeth:^ lene blue m cream Potentials of the methylene blue zone of reduction are 
mdieited h\ black triangles 

Curves A and B show the zone of reduction of methylene blue in 
skim milk and cream, respectively, when the standard amount of 
dye (1:200,000) is added 

By adding only 1 part of dye to 16,000,000 parts of skim milk the 
zone was changed to approximate that of cream (B) Similarly, D 
shows that the addition of 1 part of dye to 10,000 parts of cream 
caused the zone of reduction to approximate the E,, limits which 
apply to skim milk when the standard amount of dye is added. 
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Redt ction Time 

In recent years there has been some contioversy m legaid to the 
effect of vaiious concentrations of dye on the reduction tune of milk 
Three portions of a sample of milk contammg the following concen- 
trations of methvlene blue were studied potentiometiically, (A) 
1 400,000, IB) 1 ■^200,000, and (C) 1 100,000 The potential time 
cuives of these thiee samples and the zones of i eduction aie shown in 
Figure 4 The three curves are so similar in form that they would 
almost superimpose if plotted upon the same ordinates The zones 
of potential within which the methylene blue is reduced are shown by 
means of triangles The position of these zones vanes with the 
concentration of dye In curve B, representmg the sample contain- 
ing the noimal concentration of dye, decolorization took place in the 
zone between -^0 225 and 4-0 165 volt, and was complete after 75 
minutes of incubation Curve A lepiesents the sample containing 



FitiiTtE 4 —ElTect of varving the concertration of meth'vlene blue in milk upon the reduction 
time A, 1 too, 000 of methylene blue, B, 1 200.000 of methjlene blue, C, 1 100,000 of meth\lene 
blue Potential of the methylene blue zone of reduction are indicated hj black triangles 


one-half the normal amount of dye (1 400,000) The zone of decolor- 
ization was 0 075 volt more positive than when the usual concentra- 
tion of dye was used (curve B). Coincident ivith the moie positive 
zone, the reduction time was shortened from 75 to 55 minutes Curve 
C shows the effect of adding twice the usual concentration of dye 
(1 100,000) The zone of decolorization of methylene blue in t his 
sample was 0 09 volt more negative than in the sample containing 
the usual concentration of dye The tmie required for the reduction 
of the dye was mcreased to 85 mmutes as compared wdth 75 minutes 
for sample B 

The significant aspect of these three potential time curves is the 
potential of the zone of decolorization of the various concentrations 
of methylene blue. If it be assumed that the color isappears when 
less than an arbitrary minimum number of molecules of the blue dye 
are present, the explanation of the effect of the various amounts ‘of 
dye on reduction time becomes simple If more than the normal 
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amounts of dye are present, more negative potentials must be reached 
before decolorization is effected, and hence a longer time is required. 
Similarly, less time would be reqmred to attain the slightly negative 
potential necessary to effect decolorization of sample A (Fig 4 ) In 
other words, the more dye there is present the longer is the time 
required to reach a potential sufficiently negative to dimmish the 
quantity of the dye m the oxidized form below the amount lequisite 
for coloring 

In the concentrations employed (fig 4) the dye does not affect the 
course of potential change, as is evidenced by the similarity of the 
three curves 

Form of Potential Time Curve 

The studies m the preceding experiments on the relationship of the 
concentration of dye to other factors were confined, for the most 
part, to higher dilutions of methylene blue In the follo\nng experi- 



Figure 0 —Effect of \ ar\ iiig the concentration of methylene blue m 20 per cent cream upon the 
reduction time of methylene blue 


ment the effect of more concentrated solutions of dye has been studied 
The curves in Figure 5 show the potential drift of four portions of a 
sample of 20 per cent cream containmg the folio vung concent i a tions 
of methylene blue: (1) No methylene blue, (2) 1 200,000, (3) 
1*10,000, and (4) 1:5,000 The zones of potential within which the 
methylene blue reduced axe mdicated by the letters h (began) and 
c (completed) The curves of samples 1 and 2 are similar to those in 
Figme 4 and show that the addition of the normal amount of meth- 
ylene blue does not alter the form of the potential time curve The 
zone of reduction of the dye in sample 2 was between the Eh values of 
-f 0 24 and +0 20 volt The potentials of this zone are similp to 
those previously observed (fig 4) for 20 per cent cream containmg 
the standard amount of dye. 
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The potential curves of samples 3 and 4 illustrate clearly the effect 
of adding excessive amounts of methylene blue There are several 
significant aspects of these curves which not only show the effect of 
the addition of excessive amounts of dye, but possibly throw some 
hght on the mechanism of dye reduction m milk 
"^In the first place, all four samples began their swing toward the 
negative potentials simultaneously Whether the initial fall in 
potential is dnectly or indirectly the result of bacterial activity, these 
results mdicate quite clearly that at least the highest concentration of 
dye employed (1. 5,000) did not exert any antiseptic action 
"The plateaus observed in curves 3 and 4, especially when contrasted 
with the total absence of a plateau in curve 2, emphasize the fact 
that the poising effect of the dye is directly dependent upon the 
amount of dye added Clark {6, 'p 10) defines poising as follows: 

solution may be said to be poised when it tends to resist a change 
in El on addition of an oxidizing or reducing agent 
As the potentials of the four samples of milk began their initial 
swing (point a) toward negative values, they followed the same 
general course until well within the zone of reduction of methylene 
blue The potential drift was not impaired in sample 1 without dye, 
or in sample 2 in w^hich the standard concentration of 1 * 200,000 
was employed In samples 3 and 4, however, the large amounts of 
methylene" blue added exerted a poising effect which was directly 
related to the quantity of dye added 

Smce the usual concentration of dye employed in the reductase 
test does not materially affect the oxidation-reduction system, the 
methylene blue simply serves as a visible indicator that this swing 
toward more negative potentials has taken place As the visible 
reduction occurs shortly after the swung toward more negative 
potentials begins, the loss of color of the dye indicates that the 
bacterial acthitj^ has overcome the poising action of the oxidation- 
reduction system or systems of the milk (Point a has been reached ) 
The time required for visible reduction became progressively greater 
as the concentration of dye was increased For the samples reported 
in Figure 5 the dye concentrations and the reduction times wei'o as 
folio W'S* 

(2) 1 : 200,000 — 128 minutes. 

(3) 1 : 10,000 — 250 minutes 

(4) 1 : 5,000 — 335 minutes 

The reduction of dye m samples 3 and 4 w^as not completed until after 
the second drop in the potential had started The data m Figure 5 
further substantiate the observations made in connection with Figure 
3, nz, that the amount of dye employed affects the zone of reduction 

EFFECT OP THE CONCENTRATION OF SUGAR ON OXIDATION-REDUCTION 
POTENTIALS IN CREAM 

There is a demand at the present time for a practical test to 
determine the samtary quality of dairy products such as ice cream 
and ice-cream mixes. Early in the course of these experiments, 
attempts to follow the course of the potential drift of ice cream 
^owed that the cmve tended to pass slowly toward negative values 
The visible reduction of the dye was correspondingly delayed over an 
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extended period Attempts to determine the cause of the peculiar 
nature of the curve led to a series of experiments to demonstrate the 
effect of sugar on the potential drift Figure 6 shows the results of a 
typical expel mien t 

Sterile cream, skim milk, and a cane-sugar solution were combined 
m suitable proportions to give various concentrations of sugar (0, 10, 
20, and 25 per cent) and a constant fat content of 20 per cent Each 
sample was inoculated wnth a 24-hour culture of Streptococcus lachs 
and the standard amount of dye was added The form of the poten- 
tial time curves was markedly altered by increasing the percentage of 
sugar Increasing the amount of sugar delayed the potential trend 
to more negative values, which m turn lengthened the reduction 
time Although equal amounts of inoculum were added to each sam- 
ple, obviously the number of bacteria added could not be accurately 



FiGURL 6 —Effect of \ n-r-v iiig the concentiation of cane sugar in crcam-skim milk ice-cream mi'^es 
upon the reduction time of methvleno blue Reduction occurred at pomt a on each cur\e 
The fat content of the mi'^ was 20 per cent 


controlled Nevertheless, the time required for reduction was in- 
creased directly with larger amounts of sugar The reduction times 
for the samples in the order of increasing amounts of sugar were 155, 
185, 205, and 248 minutes, respectively The differences in the foim 
of the potential time curves may have been due to a change m the 
metabolic activities of the cells, although evidence to suppoit this 
suggestion is not available It has been shown by Hevutt {20) that 
changes in the medium affect the reduction intensities attained by 
bacterial cultures It is of interest to note the extreme negative 
levels ( — 03 and —0 35 volt) attained by these cultures Clark and 
his associates (^), Rogers and Whittier {23), and also Frazier and 
Whittier {13) have shown that cultures of S. lachs in milk usuall^^ 
reach a negative limit of approximately — 0 2 volt. 

99475—32 6 
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SUMMARY 

The potential* time cuives of milk with and without methylene blue 
lemained in close agreement during the entire reduction process The 
blue coloi and initial potentials of reduced samples could be restored 
bv vigorous shaking or aspirating with air Either of the above treat- 
ments also restored the initial potentials of samples without dye 

The bacterial flora of a sample of market milk influences the form 
of the potential tune curve 

The position of the zone of visible reduction was caused to vary by 
altering either the fat content of the sample or the concentration of 
the dye added The zone of reduction became more positive with an 
increase in the percentage of fat and more negative with an increase 
m the concentration of dye 

The time required for visible reduction increased as the zone of 
reduction became more negative 

When excessive amounts of dje (1 10,000) were added, the poten- 
tial of the solution did not pass smoothly to more negative limits, but 
was deterred as it approached the zone of reduction characteristic of 
this indicator 

The addition of cane sugar to cream not only delayed the potential 
drift and reduction time of the dye, but affected the form of the 
potential.time curve as well 
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EFFECT OF LIGHT ON THE REDUCTION OP METHY- 
LENE BLUE IN MILK^ 

By Glenn A Aikins, Ra^ewch Fellow, and A C Fvi, Dainj Bcicteiioloqid, 
Kaums Agncultwal Ezpe7tment Station 

INTRODUCTION 

In a previous paper {2) ^ it has been shown that methylene blue in 
milk changes to methylene white when a ceitain specific zone of 
potential is reached In the concentrations employed m the reductase 
test the dye appaiently exerts no effect on the potential drift, and 
therefore serves merely as a visible indicator that a definite reducing 
intensity has been attained 

For a number of years it has been known that a medium such as 
milk or broth containmg methylene blue loses its coloi when exposed 
to sunlight It has not been determined, howevei , whether sunlight 
merely bleaches the dye directly or causes a change in the reducing 
intensity of the substrate comparable to that induced by bacteria 
The purpose of studying the effect of light on the reduction of methy- 
lene blue was to establish more firmly the correlation between reducing 
intensities and dye reduction, and thereby afford a more mtelhgent 
approach to the fundamental mechanism of such reactions 

LITERATURE REVIEW 

Gebhard (5), and Lasareff (S) have shown that the bleaching effect 
of light on methylene blue is most intense m the absence of oxygen 
provided the available light consisted of waves shorter than 620 p,, 
the color returned in the dark in the presence of oxygen. 

In connection with his studies on anaerobiosis, Hall (7) observed 
that hght induced the decolorization of methylene blue when added 
to broth cultures 

Whitehead (11) summarizes his work on methylene blue i eduction 
in sunlight as follows . 

1 Methylene blue added to fiesh milk of good quality is i educed in a shoit 

time in the piesence of sunlight at 37° ^ ^ * 

2 The 1 eduction in sunlight is not due to an enzyme ^ 

3 Milk from which the fat has been iemo\ed by centrifugal sepaiation no 
longer gives the reaction, but the actiMtv of the milk can be lestoied by an 
addition of sodium oleate Sodium palmitate has not a similai action 

4 It IS suggested that sunlight catalyses an oxidation-i eduction reaction m 
which unsaturated fats aie oxidised and methylene blue is reduced 

In a discussion of the theoretical aspects of oxidation and reduction 
of colored compounds Michaehs (5, p 69) suggests that they may all 
have loose electrons which render them peculiarly adapted to oxida- 
tion-reduction systems m the presence of suitable electron acceptors 
The decolorized dye likewise may acquire electrons from still more 
powerful reductants These properties not only facilitate^ their role 
in reversible oxidation-reduction systems, but mav explain the fre- 

1 Received for publication July 13, 1931, issued Februarj, 1932 Contribution Xo 13b, Department of 
Bacteriology, Kansas Agricultural Experiment Station 
^ Reference is made by number f italic) to Literature Cited, p 95 
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quentlv ob^eived catalytic action of such compounds in oxidations. 
Micliaelis further suggests that although these theories are not well 
established they mavliccount for the effect of radiant energy on the 
instability of electrons 

METHODS 

In Older to con el ate the reduction of methylene blue in milk by 
light and the changes in i educing mtensitv, samples of milk were 
subdmded so as to giye replicates with and without dye, exposed, and 
iinexposed to light The potential drifts m the yarious samples were 
followed by means of the apparatus described in a preyious paper {2) 
In order to afford a proper exposure to the sun^s rays test tubes con- 
taiimig the samples were submerged to a depth of about 1 inch in a 
water bath iiiamtamed at a suitable temperature Because of the 
preyailmg low outdoor temperature durmg most of the experiments 
it was not feasible to place the water bath m an open wmdow, and 



therefore the sunlight filtered through a window pane in addition to 
the walls of the test tube It may be assumed that the effectiye light 
did not contain rays shorter than approximately 340 )u, the value 
usually given for the transmissibihty of ordinary glass. 

EXPERIMENTAL DATA 

EFFECT OF SUNLIGHT ON THE OXIDATION-REDUCTION POTENTIAL OF MARKET 
MILK, CREAM, SKIM MILK, AND SKIM MILK PLUS SODIUM OLEATE AND SODIUM 
STEARATE 

It was consistently observed that m the tubes exposed to sunlight 
the dye was reduced irithin 15 to 90 minutes, the length of time 
depending upon the intensity of the sunlight It was also generally 
observed that mereasing the percentage of fat shortened the time 
required for reduction of the dye Similar lesults were obtained by 
adding increasing amounts of sodium oleate to skim milk In order 
to obtain a more complete history of the changes occurring m milk, 
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Cl earn, and skim milk exposed to sunlight, the oxidation-i eduction 
potentials of a number of samples were measured at suitable intervals 

Ma-rket Milk 

Ten cubic centimeter samples of market milk were placed m each 
of four sterile test tubes and the standard amount of methylene blue 
(1 . 200,000) was added to two of them One tube of nulk containing 
methylene blue and one without dye were placed in the sunlight, the 
two remaining tubes vrere covered with a sleeve of heavy black paper 

Figure 1 shows that the potentials of the samples exposed to sun- 
light became more negative immediately after exposure This nega- 
tive drift continued until an E* value of approximately zero was 
reached The milk containing the methylene blue was completely 
reduced at an value of +0 065 volt (point a) After the imtial 
rapid fall the potentials remained at an En value of approximately 
zero for three hours, or until four horns aftei the beginning of incuba- 
tion At this time the potentials of the four tubes came into close 
agieement The potentials of the two tubes not exposed to sunhght 
had retained their initial Ej, values for three hours, at which time 
they began to fall rapidly to the negative side The potential drift 
of the milk in the dark may well be attributed to bacteiial activity. 

Gillespie {6) first suggested that bacterial cultures may induce a 
negative drift of electrode potential Clark and his associates (f), 
Thornton and Hastings {10), and Frazier and Whittier (5, 4) have 
studied the effect of bacterial cultures upon the electrode potential of 
milk. 

Attention is called to the fact that the four curves (fig 1) tend to 
converge at an En value of approximately zero This is considerably 
more positive than the ultimate negative limit of the potential drift 
( — 0 2 volt) A comparison of these curves shows quite clearly that 
the light was unable to lower the potential below the En value of 
approximately zero After these curves converged with those of the 
two tubes kept m the dark, all remained in close agreement through- 
out the remainder of the reduction process The visible reduction of 
the sample m the light {a) preceded that of the one in the dark (6) 
by 2 5 hours 

The samples in the dark and in the light showed complete visible 
reduction (points a and h) at approxmiately the same En value This 
suggests that the reduction of the standard quantity of methylene 
blue (1: 200,000) m milk takes place within a definite potential zone, 
and that the change of coloi occurs whenever this potential is reached, 
whether the potential drift be induced by physical or biochemical 
processes Parallel determinations of the hydrogen-ion concentra- 
tion of samples exposed and protected from the light indicate that 
the variations in potential drift could not be accounted for on a 
basis of changes in pH. 

Cream 

The effect of sunlight on the oxidation-reduction potentials of four 
portions of a sample of 40 per cent cream with and without dye were 
studied in the same manner as in the preceding experiment. The 
potential : time curves are shown in Figure 2 k.^ in the case of milk, 

sunlight induced a negative potential drift immediately after expo- 
sure, whereas the En value of the samples in the dark remained con- 
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stant 101 seveial hours In this experiment, however, the presence 
of highei concentrations of fat apparently affected the abihty of the 
Ii 2 :ht to induce inoie negative values The initial potential drift in 
the two samples (with and \nthout dye) exposed to sunlight is 
extended ovei a considerable period, m contrast to the rather sudden 
tall observed for whole milk (Fig 1 ) Also, a comparison of cuives 
for the samples exposed to sunlight shows that when methylene blue 
IS present sunlight is able to induce more negative potential values 
than when no dye is added to the cream 

As in the preceding experiment, the potentials of the zones of 
visible reduction {a and h) are essentially the same for samples 
m the light and m the dark The presence of fat tends to elevate 
the zone of reduction, whether induced by bacterial action or sunlight 
The fact that increasing percentages of fat shorten the reduction 



F'Gi BE 2 — EiTect of sunlight on the potential time curves and reduction time of cream (40 pei 
rent fatj ^\lth -md without the addition of methvlene blue, complete reduction took place nt 
pomts a and b 


time of exposed samples is apparently due to the tendency of fat to 
elevate the zone of reduction 


Skim Milk 

The oxidation-ieduction potentials of skim milk with and without 
dye exposed to the light and m the dark were followed in exactly the 
same manner as for cream and whole milk The potential time curves 
of the samples of skim milk aie shown m Figure 3 The curves are 
similar m a general way to those presentecrin Figures 1 and 2 for 
whole milk and cream However, sunhght causes a greater and more 
rapid fall of potential in the skim milk than in either cream or whole 
milk. Nevertheless, the lower zone of reduction m the skim milk 
lengthens the time required to attam the reducing intensity necessary 
for complete loss of color As m the case of cream, the addition of 
dye to the slam milk enabled the sunlight to induce a more negative 
potential drift than in the same skim milk without dye. In harmony 
with pre™us observations, as shown in Figures 1 and 2, the 
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values at the time of complete visible reduction (a and h) were essen- 
tially the same, whether induced by bactena or sunlight The poten- 
tials ol the foul samples came mto close agreement after 3 5 hours and 
remained together during the lemainder of the reduction process 

Skim Milk Plus Sodium Oleate and Sodium Stearate 

In the preliminary studies on the reduction of methylene blue by 
sunlight, it was obseived that skim milk containing sodium oleate 
and methylene blue was read% i educed In order to determine the 
effect of such substances on the potential of the zone of reduction of 
methylene blue, a sample of slam milk was divided into three parts 
and treated as follows (1) 1 per cent sodium oleate, (2) 1 per cent 
sodium stearate, and (3) not treated The standard amount of 
methylene blue was added to each of the three samples The poten- 
tial, time curves and points of complete visible reduction of the three 



samples are shown in Figure 4 The potentials of the samples con- 
taining the fatty acid salts drifted toward the negative side more 
rapidly than they had in the case of skim imlk The potentials of 
these two samples dropped rapidly to — ^ 025 volt, aftei which they 
remained fairly constant After the samples had incubated for 
four hours no more sunlight was available and the potentials returned 
to the positive side The potentials remained in close agreement 
throughout the remainder of the reduction process After seven 
hours the potential of each sample qmckly drifted to the negative 
limit of approximately —02 volt, induced, no doubt, by bacterial 
activity 

The letters u, 6, and c on Figure 4 represent the points at which 
the methylene blue was completely decolorized The zone of reduc- 
tion of methylene blue is evidently not affected by the presence of 
either of the fatty acid salts employed in this experiment Not only 
does the uniformity of the En values at the time of reduction of the 
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dye ill the three solutions (a, 6, and c) emphasize this fact, but the 
values confoim to those previously observed for the zone of reduction 
of tins dye m skim milk (approximately — 0 025 volt) Any deterring 
influence which butterfat may have exerted on changes in potential 
in the preceding experiments, apparently is not induced by 1 per cent 
of sodium oleate or sodium stearate 

It was observed in a preceding experiment (fig 2) that the presence 
of butterfat shortens the reduction time of exposed samples by ele- 
vating the zone of reduction The tendency of sodium oleate and 
sodium stearate to shorten the reduction tune is apparently due to 
their abihty to accentuate the potential drift The contrast between 
the action of butterfat and these readily oxidizable substances may 
throw some light on the mechanism of dye reduction 



Figure 4 —Effect of sunlight on the potential time curves of skim mihc, skim milk plus sodium 
oleate, and skim milk plus sodium stearate, with the addition of meth\ lene blue, complete 
reduction took place at points a, ft, and c 


EFFECT OF CONCENTRATION OF DYE ON THE OXIDATION-REDUCTION POTENTIAL 

The results of previous experiments indicate that the presence of 
methylene blue accelerates the potential change in cream and skim 
milk when these solutions are exposed to sunlight In order to 
study more fully the r61e played by methylene blue in this reaction, 
skim milk containing 1 per cent sodium oleate was divided into six 
parts, and methylene blue was added as follows (1) None, (2) 
1:400,000, (3) 1:200,000, (4) 1-100,000, (5) 1 50,000, (6)1.25,000 
The tubes were placed m the water bath and exposed to simhght 
The potential curves and points at which visible reduction was com- 
pleted are presented in Figure 5 

The potentials of all the samples not only diifted to more negative 
values when the tubes were exposed to sunlight, but except in the 
case of sample 6 (1-25,000), the fall of potential was directly related 
to the concentration of dye The potential of sample 6 did not reach 
fee negative Imiits attained by samples 4 (1:100,000) and 5 
(1:50,000). The most marked difference observed was between 
samples 1 (no dye) and 2 (1 .400,000) It is quite evident that the 
presence of only a small quantitv of dye greatly accentuates the 
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potential change induced by sunlight The accelerating action of the 
dye is not directly proportional to the amount of dye added The 
addition of methylene blue in concentrations higher than 1 200,000 

did not materially increase the reducing mtonsitie'^ induced by sun- 
light The potentials of all the samples remained fahly constant 
after the intitial drift toward the negative side After the samples 
had incubated for five hours the potentials dropped rapidly to more 
negative limits These latter changes in potential are due, no doubt, 
to bacterial activity 

In Figure 5 it may be observed that the final negative limits 
attained by the samples, with one exception, are inversely related to 
the concentration of dye added The exception noted is sample 1, 
the negative limit of which is slightly moie positive than that of 
sample 2 The time required for visible reduction in the six samples 



increased directly with the amount of dye added The time varied 
from 15 minutes for sample 2 (1 400,000) to 285 mmutes for sample 
6 (1 25,000) The En values at which visible reduction of the dye 
was complete (a, 6, and c) became more negative with each increase 
in concentration Sample 6 was not completely reduced by the sun- 
light Though lighter m shade, some color was still discernible at 
the time simlight was no longer available ^ Decolorization of this 
sample was effected only after bacterial action had mduced a more 
negative reducing intensity. 

EFFECT OF ALTERNATE LIGHT AND DARKNESS ON THE OXIDATION-REDUCTION 

POTENTIAL 

Figure 6 illustrates the change in oxidation-reduction potentials 
induced by alternately placing a solution in the light and in the dark. 

Samples of skim milk and market milk were each divided into two 
portions and methylene blue (1:200,000) added to one of each. 
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These ioiii samples were exposed to sunlight, and when the potential 
of a sample hud drifted toward more negative values the sample was 
covered with a sleeve of heavy black paper to exclude the light 
The effect on the potential of alternately placmg milk or skim milk 
in the light and daik is illustrated m Figure 6 At the points on the 
curves labeled d the samples were placed in the dark, and at points I 
they weie again exposed to light. The potential of the sample oi 
skini milk plus methylene blue dropped quickly to +0 08 volt at 
the begmmng of the "experiment, when the sample was placed in the 
dark the potential rapidly returned to the more positive En value of 
+ 02 volt When the sample w'as agam placed m the light the poten- 
tial drifted quickly back to an Eh value of approximately +0.1 volt 
Alter the sample tad been exposed to three hom-s of mcubation, the 
sun, although stdl shinmg, had disappeared behmd adjacent buildings, 
thereby dmiuiishing the intensity of the effective light Skim milk 



Figl re fi —Potential time curves of market and of skim milk, ith and without the addition 
ufmethilene blue, when placed alternately in sunlight and in the dark, the samples were 
placed m the dark at points indicated by d and m sunlight at points indicated bv I 


contammg methylene blue (1 200,000) was consistently found to be 
very responsive to any diminution of light intensity, as is evidenced 
by the slight drift in potential between the third and fourth hour of 
experiment Effective sunlight was no longer available after the 
fowth hour of this particular experiment 

The potential curve of skim milk without methylene blue shows that 
alternate placmg of the sample m the light and in the dark affects the 
potential drift. However, the response of the electrode potential to 
light IS not as great as m the case of skim milk plus dye 

The potential curves of market milk with and without dye show 
that the potentials drift to more negative values when exposed to 
sunlight, but do not return to more positive values when placed in 
the dark The sample of market milk when placed m the dark not 
only faded to respond by swingmg to more positive values, but con- 
tinued its uninterrupted negative potential drift 
Theas observations suggest (1) That methjdene blue accentuates 
the response of the electrode potential to the effects produced bv the 
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presence or absence of light, and (2) the presence of fat has a deterring 
influence on the potential drift as induced by light This latter obser- 
vation IS m harmony with those made in connection with Figures 1 
and 2 

The complexity of the oxidation-reduction system or systems in 
milk and cream renders hazardous any attempt to speculate on the 
probable mechanism of light in these observations. The trend 
toward more negative potentials when milk is exposed to light sug- 
gests, however, the participation of some mgyedient which is tem- 
porarily oxidized while under the mfluence of light, and which regams 
its electron at the expense of the electromotively active S 3 ^stem as 
soon as the efi:ect of the light is removed 

It is possible that the deterring influence of fat on the reversibility 
of this process may be due m part to the sluggishness of electrodes m 
the presence of increasing amounts of fat However, if the effect 
were entirely apparent rather than real — that is, if increasing per- 
centages of fat affected only the electrode sensitivity — one would 
expect a return of the blue color when previously exposed cream was 
returned to the dark Since the failure of the electrode to record a 
trend toward positive values is corroborated by a failure of the blue 
color to return when cream which has been exposed to the light is 
returned to the dark, it suggests that the fat exerts an actual deterring 
influence on the reversibility of the reaction Whether it serves as a 
shield or protector of the electromotively active oxidation-reduction 
system or actually participates in the sharing of electrons can not be 
deducted from the observations at hand 

EFFECT OF ARTIFICIAL LIGHT ON THE OXIDATION-REDUCTION POTENTIAL 

It IS a common practice in the determination of quality of milk by 
the methylene blue reduction test to incubate the samples m a con- 
stant temperature incubator The temperature of such incubators is 
usually regulated by using electric lights as a source of heat It has 
been observed that when samples are incubated in this manner those 
nearest the light are reduced in the least time 

In a preliminary experiment samples near an electric light were 
reduced 2 5 hours earlier than shielded samples In order to deter- 
mine the cause of this difference m reduction time the following 
experiment was conducted A sample of market milk of good quality 
was divided into four parts and the standard amount of methy’lene 
blue was added The samples were placed in an incubator mam- 
tamed at 37® C by two 75-watt bulbs One of these burned con- 
stantly and the other was operated mtermittently by the theimostat 
Duplicate tubes of milk w'ere protected from the light by sleeves of 
heav}^ black paper and two others were exposed to the light ra^rs 
from" the electric bulbs Kepresentative potential curves and reduc- 
tion times of two of these are presented in Figure 7 

An examination of these curves shows that artificial light affected 
the potentials and reduction time in much the same manner as was 
observed in the case of sunlight The potential of the exposed sample 
drifted slowly toward the negative side, whereas that of the shieldejd 
sample remained fairly constant for six hours As shown in Figure 7 , 
the exposed sample was completely reduced about 2 5 hours sooner 
than the shielded sample 
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TempeiatLiie was. not a iactoi in hastening lecluction of the exposed 
samples Since the temperature of the exposed samples was C 
lower than that of the ones m the dark, it is not possible to attribute 
the more lapid reduction to this factor. 

SUMMARY 

The potentials of cieam, whole nulk, and skmi milk drifted towaid 
the negative side when these solutions were exposed to sunlight 
Potential changes to both more positive and more negative values 
weie deterred hj the presence of fat This influence exerted by fat 
was especially noticeable when solutions were alternately placed in 
the sunlight and m the dark The addition of fat to skim milk 
hastened the reduction time of methylene blue m samples exposed to 
the sunlight, owing probably to the tendency of fat to elevate the 
zone of reduction Sodium oleate and sodium stearate also shortened 
the reduction time, but did so by causing a more rapid fall of potentiaL 



Fir.uRE 7 —Effect of exposure to i 7o-w ait electiic light upon the potential time eur\ es and reduc- 
tion time of market mdk, complete reduction took place at point a 

The addition of methylene blue to skim milk or cream accentuated 
the potential changes mduced by sunlight With each mcrease up 
to 1 25,000 m the concentration of dye added to skim milk containing 
sodium oleate, the reducmg intensities mduced by sunlight were 
progressively more negative 

Visible reduction of methylene blue induced either by sunhght or 
bacterial activity took place mthin the limits charactenstic for the 
particular sample 

The reducing intensity induced by bactenal activity was more 
negative than that mduced by sunlight In the case of sunlight the 
negative limits reached were seldom below zero, as compared iNuth a 
reducing intensity of -0 2 volt induced by bacteria 

These observations confirm Whitehead’s conclusion, that reduction 
of methylene blue by hgbt is a reaction distmct from the reaction 
induced by bacteria. 

It was observed that as the solution developed a progressively 
more negative potential the methylene blue decolorized whenever 
this potential passed through the zone of reduction charactenstic of 
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this dye Similarly, the blue color reappeared when the solution 
developed a potential sufficiently positive to oxidize the dye present 
When skim milk plus methylene blue which had been reduced by 
sunlight w^as placed in the dark, the potentials quickly became suffi- 
ciently positive to oxidize the dye 

Artificial light hastened the reduction of methylene blue m market 
milk Light from a 75-watt electric lamp mduced a potential drift 
in milk which differed only in degree from that observed m the case 
of sunlight The reduction of methylene blue m one sample of milk 
was hastened 2.5 hours by exposure to light from an electric bulb 
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CHARACTERISTICS OF DISPERSABLE ORGANIC 
COLLOIDS IN PEATS ‘ 

By WiLBUK L Powers 2 

Assistant Chemist^ Division of Soil Chemistry and Physics^ Bureau of Chemistry 
and Soils j United States Department of Agriculture 

INTRODUCTION 

Although the importance of fine organic matter in soil is generally 
recognized, studies of soil colloids have dealt mainly with inorganic 
constituents In a previous report (16) ® some evidence of high base- 
exchange capacity of peat soils w^as noted This characteristic has 
recently been reported by several investigators (^, 9, 10, 11, 13), 
There is also evidence that organic colloidal matter in soils possesses a 
large capacity for absorbing moisture (H) 

The experiments herein reported were undertaken to determine the 
amount and composition of colloids in several peat-profile layers, to 
learn how base-exchange capacity changes during decomposition of 
organic materials, and to obtain information as to the nature and 
possible means of increasing or conservmg the base-exchange capacity 
of soils 

PREVIOUS WORK 

The base-exchange property of soils was reported by Way in 1850 
(30) It was recognized by Gedroiz (7) and by Oden (H) that or- 
ganic as well as inorganic colloidal matter m soils may contribute to 
their base-exchange values In an earlier study ^ the writer (17) 
found evidence of a large base capacity in peat soils. However, in 
the more acid peats, a large part of the total base-exchange capacity 
was due to exchangeable hydrogen Soon after the publication of 
this report a study by Hissink (f) with some 13 peaty soils came to 
the wnter^s attention. His conclusions supported this view Alben 
(1) reported finding the base-exchange capacity of peat to be some 
seven times that of normal soil Baver (2) studied the effect of re- 
moving organic matter from 4 soils by hydrogen-peroxide treatment, 
and concluded that from 30 to 60 per cent of their base-exchange capac- 
ity was due to organic matter. McGeorge (11) worked with a score of 
soils, most of which were of a peaty character, and obtained evidence 
that high base-exchange capacity was related to the lignin content. 

Recently Smolik ( 2 %) reported base replacement far greater for 
soils rich in organic matter and markedly reduced by treatment with 

1 Received for publication Aug 27, 1931, issued March, 1932 This study was carried out m the labora- 
tories of the Division of Soil Chemistry and Physics, Bureau of Chemistry and Soils, while the author was 
on sabbatical leave from the Oregon State Agricultural College and Experiment Station 

2 Acknowledgment is gratefully made of courtesies and helpful suggestions extended by H G Byers, 
M S Anderson, and other members of the staff Charles Thom and Harry Humfeld kindly provided 
greenhouse space and equipment for composting plant materials, Max Phillips provided samples of oat-hull 
and corncob lignin, Edmund B Lambert supplied samples of gram-straw compost residues, A P Dach- 
nowski-Stokes supplied a sample of dopplerite, and George B Rigg, of the University of Washington, 
collected and sent the sphagnum samples For all these courtesies the writer is sincerely grateful 

3 Reference is made hy number (italic) to Literature Cited, p IIO 
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hvdrogon pGi oxide Oden (i4) Ji-bout a decade ago reported that 
humic-acid forms a salt with ammonia and that hmmg results in the 
formation of a calcium humate which he regarded as an excellent 
reo-ulator or buffer for the prevention of a strong acid reaction It 
was of low solubility and difficult to wash out Demolon and Barbier 
(J) were also led by their experiments to suggest that the clay and 
humate fi actions form a complex, and that this argillo-humate com- 
plex IS influenced by the cations absorbed Doughty (4) studied 
phosphate fixation in peat, and concluded that calcium, iron, or alumi- 
num when present in soluble form cause precipitation of phosphate 
in peat Similar results were obtamed by Marshall (12), who re- 
ported that calcium humate exercises a protective action and sensi- 
tizes the soil colloid Dunnewald (5) noted the relation of calcium 
carbonate to soil organic-matter content and vegetation Recently 
]\Iattson (IS) reported investigations of base capacity of iron and 
aluminum humates when in different proportions and also at differ- 
ent pH values High humic content m association with an alkaline 
reaction seems to possess large base-absorbing capacity 

A review of the literature indicates the need of further information 
m regard to the characteristics of natural organic soil colloids in order 
that methods may be developed of increasing and maintaining high 
base-exchange capacity m soils In the present study natural oi- 
ganic soil colloids frorn several peat profiles have been isolated and 
studied, perhaps for the first time 

EXPERIMENTS WITH PEAT COLLOIDS 

DESCRIPTION OF PEAT-PROFILE SAMPLES 

Profile samples of representative peat formations from widely 
separated sections were secured for the present study and are briefly 
described as follows 

1 Saw-grass peat from the Brown plantation, Belle Glade, Fla , described in a 

previous publication of this department ( 6 ) 

2 Saw-grass peat, fresh sample, taken in slightly shallowei peat, about one-half 

mile distant from No 1 

3 Virgin willow-sedge peat from Lake Labish, near Salem, Oreg 

0 to 6 inches Dark-brown finely fibrous woody-sedge peat 

6 to 48 inches Brown fibrous peat of sedge and soft wood 

48 to 60 inches Fibrous peat with some sedimentary mateiials, dia- 

toms, sponge spicules, spores, and millet frag- 
ments 

4. Similar to No 3 and about one-fourth mile distant Cropped about 20 
years 

5 Sphagnum peat from Cottage Lake, near Seattle, Wash 

Oto 2 inches Gray-brown sphagnum moss vith related \egeta- 

tion, such as swamp laurel, wnld cranberry, and 
rhododendron 

2 to 10 inches Raw yeUow’-brown sphagnum peat 

12 to 24 inches Brown fibrous sphagnum peat 

o inches Dark-brown fibrous peat, partly decomposed 

6. Clackam.^ peaty graveUy loam, or *‘loose land’^ from West Stavton, near 

Salem, Oreg “ ' 

0 to 8 inches Browm sooty gravelly loam 

18 to 30 inches Yellowish-browm gravelly loam 

7. Sedimentary tule-sedge peat. Lower Klamath Marsh, Oreg 

0 to 14 inches Dark-browm fibrous tule-sedge peat with some car- 

bonized matenal 

14 to 28 inches Gray-browm finely fibrous peat 

28 to 42 inches Gray sedimentary muck with diatomaceous material 
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8 Sedimentary peat, Orleans County, N Y , collected and described by A P 
Dachnowski-Stokes A typical profile of peat areas in the western Ontario 
glacial-lake plain 

0 to 6 inches Woody peat 

12 to 18 inches Sedimentary peat 

30 to 36 inches Reed peat 

60 to 72 inches Sedimentary peat 

EXPERIMENTAL METHODS 

The method of separation of organic colloid was similar to that 
described by Robmson and Holmes {21) with modifications, as noted 
later Absorption tests were made according to the method of 
Robinson {19), and the general inorganic analytical procedure fol- 
lowed was that of Robinson {18) Base-exchange capacity was deter- 
mined by treating with one-twentieth normal hydrochloric acid, then 
satuiatmg with normal neutral barium chloride, and, after washing 
out the excess of saturant with warm distilled water till free of 
chlorides, displacing with normal ammonium chloride The banum 
absorbed was determined graymietrically as barium sulphate 

Organic analyses were made accordmg to the method of Waksman 
and Stevens {29) as modified by Feustel and Byers {6) Lignin and 
hemicellulose were obtained from flax shives and sphagnum moss by 
the method of Phillips {15) 

PRELIMINARY EXPERIMENTS 

Some preliminary tests were made to determine the most suitable 
procedure for separating the colloid from peat samples These m- 
cluded the use of different amounts of sample, removal of bases, hand 
kneading, electric agitation {21), mechanical shaking, agitating by 
means of a Bouyoucos shaker, addition of sodium oxalate, and pre- 
vious extraction with ether The effects of amount of dilution {22), 
rate of centrifuging, and yield and character of different fractions 
were also considered. 

From these tests it was found advisable to use sufficient fresh moist 
peat to yield from 100 to 200 gm of material that would pass through 
a 2-mm sieve Shaking the sample overnight in a 1-gallon sirup 
bottle two-thirds full of distilled water, with a slight addition of 
sodium oxalate (approximately 0 1 gm ), proved very helpful The 
shaker used for preparing samples for mechanical analysis was 
fitted with a drawer to hold two l-gallon bottles The electric 
agitator was used before each run of the supercentrifuge, and material 
coarser than 2 mm was omitted after the second run Eight runs 
were made, in which a total of 150 to 200 liters of water was used, 
accordmg to the profile dealt with Running the peat suspension 
through the centrifuge at the rate of 1 liter m 5 seconds separated a 
colloid fraction mainly below l/i, with a few aggregates in excess 
of 2jLt in diameter Satisfactory 3nelds of colloid were thus secured 

This colloidal fraction, reduced by a battery of Pasteur-Chamber- 
land filters to slightly less than 2 quarts and homogeiuzed by passing 
through a fine Gooch crucible, carried sufficient solids to give a 2 
or 3 gm sample from 200 c c of suspension Most of the samples 
employed for base capacity and analyses weighed approximately 2 gm. 

The bowl fraction and even material between 1 and 2 mm in diam- 
eter were found to mamfest somewhat colloidal properties. 
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AMOUNT AND ABSORPTD'ENESS OF COLLOIDS FROM PEAT 

Tlie amount (vield) and absorptiveness (character) of peat colloids 
are shown in Table 1 

Table 1 — Amount and ahsorpttveness of peatcoUoids 


1 

1 

Cl 

Z' 

I 

! 

Location 

Description of 
sample 

Depth 

w 

cu 

Dry weight of 
sample 

Material greater 
than 2 mm m 
diameter 

Material less 
than 2 mm m 
diameter 

Weight of drv 
colloid extract- 
ed 

Colloid present 
m 2-mm frac- 
tion 

Ash in colloid 

j Absorption of 
water over 3 3 

1 percent HoS (>4 

1 



In 


Gms 

Gms 

Gms 

Gms 

P ct 

P ct. 

P ci 


Belle Glade, Fla 


0-4 

I«'i 3 

94 76 

14 1 

80 65 

2 886 

3 05 

18 28 


i 


4^6 

j 6 2 

26 79 

4 1 

22 71 

1 ^ 

3 34 

IS 60 

! 




32 

6 3 

29 21 

2 3 

26 95 

1 933 

6 62 

26 66 





49 

6 3 

22 40 

6 0 

17 16 

2 088 

9 32 



1 



63 


21 19 

R 

20 43 

3 07.5 

14 51 



1 



94-96 

7 1 

20 60 

3 1 

17 54 

1 1 980 

9 61 

21 70 


2 ' 

Do 

. . do 

0-4 

4 6 

236 10 

133 0 

113 10 

20 100 

25 70| 

25 70 

46 86 




t 4-6 

5 2 

142 40 

32 0 

110 40 

26 600 

24 10 

24 10 

47 13 




32 

6 6 

121 70 

15 0 

114 70! 

45 100 

39 30 

39 30 

43 61 

> 



1 49 

6 6 

115 SO 

37 0 

78 80 

20 860 

26 40 

26 40 

43 86 

1 



63 

6 8 

104 60 

31 0 

73 60 

22 000 

29 90 

29 90 

43 66 

1 



86-88' 

7 2' 114 70 

32 0 

82 70 

46 800 

56 50 

56 50 

39 50 

3 

Salem, Oreg 

Virgin willows -sedge 

1 0-6 

6 5l 256 30 

10 2 

246 00 

54 970 

22 34 

62 69 

33. 34 

I 


peat 

1 12-42 

6 5 116 20 

3 8 

112 40 

55 130 

31 25 

61 49 

3S 56 




' 48-60 

6 0 

111 30 

2 8 

108 50 

56 740 

52 30 


46 67 

4 

Do 

Villow-sedge peat 

i 0-6 

6 4 

240 00 

8 4 

231 60 

32 040 

13 83 

48 21 

39.23 



(cropped 20 

i 12-42 

6 5 

102 90 

2 5 

100 70 

26 440 

26 25 

28 96 

38 52 

‘ 


vears) 

48-60 

7 1 

102 30 

1 5 

100 80 

22 780 

22 59 

32 94 

35 77 

^ 1 

Seattle, "Wash,..: 

Sphagnum peat 

2-10 

5 1 

652 OO 

300 0 

352 00 

18 500 

5 26 

19 59 

46. 57 




12-24 

e 4 

' 80 60 

40 0 

40 60 

2 178 

5 35 

16 66 

46 61 




24-36 

6 4, 311 00 

200 0 

111 00 

14 430 

13 00 

11 71 

42 16 

b ‘ 

Salem, Oreg 

Clackamas peaty 

0-8 

5 7 1, 142 00 

50 0 

1,092 00 

115 400 

10 57 

53 52 

37 24 



gravelly loam 

18-30 

6 0 

1 93 00 

40 0 

530 00 

26 100 

4 92 

66 48 

29 23 

1 


(loose land) 



, 







1 

Lower Klamath 

Sedimentary tule- 

0-14 

7 1 

176 00 

1 0 

177 00 

53 28 

30 10 

83 19 

34 74 

7 1 

Marsh, Oreg 

sedge peat 

14r-28l 7 0 

1 181 00 

0 

181 00 

18 28 

10 10 

63 83 

33 68 

1 



28-421 6 2 

1 186 60 

0 

186 60 

8 14 

4 35 

66 77 

50 83 

1 

Orleans County, 

Semidentary peat 

i 0-6 

5 S 

; 164 00 

25 0 

139 00 

11 90 

8 56 

63 67 

42 01 

8 ' 

X y 


1 12-18 

1 5 8' 121 00 

15 0 

106 00 

16 65 

15 71 

18 92 

46 04 




30-36 

1 5 7 

1 80 00 

; 1 0 

79 00 

11 74 

14 86 

13 04 

45 79 




! 60-72 

:|74 

60 60 

i ’ 

60 10 

9 18 

15 30 

20 37 

50 16 


a See U S Dept Agr Tech Bui 214 (i5), for pH data for Florida peat 


The peat samples ranged from neutral to distinctly acid in charac- 
ter hloist samples weighing from 200 to 1,000 gm were used, the 
mititial moisture content rai^ng from 100 to 800 per cent Con- 
siderable difference was shown m the content of coarse material in 
the different layers of a single profile The sedimentary layers were 
low in ash and yielded relatively large percentages of organic colloid 
This colloid yield ranged frorn 3 05 to more than 56 5 per cent of 
the sample passing a 2-mm. sieve, expressed on a dry-weight basis 
Absorption of moisture over 3.3 per cent sulphuric acid was deter- 
mined with samples which had been slowly dned on the edge of the 
steam bath and ground to pass tlmough 130-mesh bolting cloth 
The average absorption of peat colloid was 45 per cent as compared 
to about 30 per cent for inorganic soil colloid The values obtained 
ranged from approximately 29 to 50 per cent. The lower values are 
for colloids having large ash content. 

PROXIMATE ORGANIC COMPOSITION AND BASE-EXCHANGE CAPACITY OF PEAT 

COLLOIDS 

Ojganic analyses were made of the different layers in peat profiles 
are summarized in Table 2. 
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Table 2 — Proximate organic composition of peat colloids 
[In per cent of colloid] 


Sam- 

ple 

No 


Location 


1 Belle Glade, Fla. 


3 Salem, Oreg 

4 Do 

5 Seattle, Wash 

6 Salem, Oieg 

8 Orleans County, N 


Description of sample 


Depth 


Dry 
•weight 
of col- 
loid 
used 


I Alco- 
Ethei- , hol-sol- 
soluble uble 
mate- | mate- 
rial in ' rial in 
colloid I colloid 


Y. 


Saw-grass peat. 


V 11 gin w illow -sed ge 
peat 

Willow-sedge peat 
(cropped 20 5 ears) 

Sphagnum peat 


Clackamas peat\ 
gra\ell> loam (loose 
Ian 1) 

Sedimentary peat 


Inches 

0-4 

4-6 

32 

49 

63 

86-88 

0-6 

12-42 

48-60 

0-6 

12-42 

48-60 

2-10 

12-24 

24-36 

0-8 

18-30 

0-6 

12-18 

30-36 

60-72 


Grams 
3 88 

3 04 

4 11 

2 98 
2 20 

3 13 

5 99 

4 29 

6 94 
3 10 
3 46 
3 33 
1 48 

30 
1 11 
9 23 

5 22 

1 40 
1 48 
1 61 
1 08 


Per 
cent 
0 206 
336 
224 
269 
432 
517 
250 

no 

870 
340 
220 
420 
550 
500 
1 160 
130 
140 

1 2^0 
540 
600 
910 


Per 

cent 

0 42 
46 
27 
58 
61 
58 
86 
67 
50 
£0 
87 
71 

4 30 

5 33 

6 23 
57 
38 

2 16 

2 12 

1 22 


I Hot-y ater sol- 
uble material 


Dry 

matter 

Ash 

P.r 

Per 

cent 

cent 

4 81 

0 87 

2 78 

68 

1 20 

39 

1 53 

57 

1 55 

12 

1 43 

55 

3 33 

56 

1 79 

38 

1 22 

22 

3 07 

37 

1 96 

42 

1 63 

47 

7 79 


7 43 i 


7 29 


1 15 


1 00 


5 75 

1 10 

6 21 

1 28 

3 6S 

58 

6 00 

1 00 


Sam- 

ple 

No 

Location 

Hemi- 

cellu- 

lose 

Cellu- 

lose 

Lignin 

Base- ex- 
change 
capacit'v 
per gram 
of colloid 

Total nitrogen 

Gross 

lignm 

Ash 

A.sh- 
free 
lignin “ 

In y hole 
peat 

In col- 
loid 
frac- 
tion 



Per 

Per 

Per 

Per 

Per 

Millieqmi- 

Per 

Per 



cent 

cent 

cent 

cent 

cent 

alent 

cent 

cent 

1 

Belle Glade, Fla 

3 78 

0 73 

44 25 

0 77 

43 48 

0 695 

3 58 

3 54 



6 24 

92 

51 30 

91 

50 39 

711 

3 02 

3 54 



2 53 

1 32 

75 22 

72 

74 59 

870 

3 14 

3 58 



1 53 

3 26 

74 91 

65 

74 26 

664 

2 63 

3 16 



3 23 

3 11 

72 75 

83 

71 92 

729 

2 81 

3 35 



5 61 

95 

59 92 

2 Ob 

56 96 

605 

2 09 

1 81 

3 

Salem, Oreg 

4 17 

2 08 

55 75 

29 42 

26 33 

338 j 

2 43 

5 66 



3 98 

1 93 

54 06 

22 35 

31 71 

384 j 

2 01 

4 02 



1 83 

3 05 

58 06 

34 22 

23 84 

437 

1 S3 

4 72 

4 

Do 

5 93 

1 49 

1 49 73 

27 44 

22 29 

405 

2 34 

1 3 22 



4.61 

2 45 

58 25 

12 64 

45 61 

374 

2 43 

3 52 



4 43 

2 22 

62 84 

12 73 

50 11 

326 

2 48 

5 81 

5 

Seattle, Wash 

29 91 

14 59 

29 74 

5 67 

i 24 07 

1 850 

95 

3 00 



32 23 

10 90 

27 03 

4 53 

22 50 

729 

1 42 

3 83 



29 95 

7 66 

46 54 

5 28 

41 26 

491 

1 56 

2 55 

6 

Salem, Oreg 

3 41 

1 2 75 

34 43 

20 01 

14 42 

165 

76 

1 70 



3 57 

1 4 77 

11 73 

8 54 

3 19 

086 

32 

to 

8 

Orleans County, N Y 

3 60 

2 83 

40 44 

- 15 47 

24 97 

533 

2 64 

2 02 



4 86 

4 86 

54 42 

4 29 

50 13 

613 

2 63 

2 74 



5 31 

5 39 , 

64 83 

2 83 

62 00 

596 

2 20 

3 51 



8 70 

5 00 1 

54 00 

1 

5 08 

1 

48 92 

1 218 

1 

2 05 

3 81 


» Estimated by difference 


The method used seems to yield more satisfactory results \nth 
material low m inorgamc matter. The hemicellulose content of 
sphagnum or high-moor peat appears to be relatively large Of 
special interest is the so-called hgnm content, which constitutes more 
than half of the sample taken m several cases, when expressed on the 
ash-free basis The saw-grass peat carries a large amount of ligneous 
material, and profile No. 6 is especially well supplied Old, sedi 
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mentary layers of low ash content appear to run high in ligneous 
material 

The base-exehanoe capacity is expressed in milhequivalents per 
giam of colloid There appears to be a tendency foi a high base 
capacity to coirelate vnth high content of ligneous substance, further 
evidence of this will be presented later The state of this material 
as conditioned b}" the presence of mineral matter and bases may affect 
this value, as suggested by data such as are shown for the sixth-foot 
layer of peat sample No 8 

"Total nitrogen was determined for the peat and also for its colloid 
fraction The mtrogen content of the colloid is usually higher, and 
in some soils, as m Nos 3 and 4, there is approximately twice as much 
mtrogen in the colloid as m the whole peat Determinations of 
ammonia nitrogen in colloid samples from the three layers of profile 
No 3 were made by distillation with magnesium oxide to determine 
whether much exchange ammonia was present The values obtained 
for the three layers, begmmng with the top one, were 0 065, 0 072, and 
0 061 per cent anmioma nitrogen This is only a small fi action of the 
total nitrogen and does not account for the concentration of nitroge- 
nous matter in the colloid part of the peat It appears that two decades 
of cropping have mateiially lowered the mtrogen content of willow- 
sedge peat This large amount of nitrogen, if available, would 
enhance the value of colloidal orgamc matter in relation to soil pro- 
ductiveness The content of mtrogen m sphagnum peat colloid is 
low compared to that of the sedge, or low-moor, peat colloid 

BASE-EXCHANGE CAPACITY OP DIFFERENT PEATY MATERIALS 

The amounts of colloid secured from certain soils were not adequate 
for full analyses, yet the base-exchange capacities were determined 
and are given m Table 3. 


Table 3 — Base-exchange capacity of various peaty mateiials 


Sample 


Description of sample 


I 



Saw-grass peat from profile No l._. 



Do 

B 



Colloids m saw-grass peat from pro- 
file No 1 

Colloids in tule-sedge peat, Kla- 
math, Oreg 

Dopplente* from the Netherlands. _ 

j 

C 

D 




« Supplied by A P Dachnowski-Stokes 


Depth 

Description of material 

Inches 

C-4 

4-6 

[Natural peat 

Fraction 1 to 2 mm diameter wet. _ 
Fraction 1 to 2 mm diameter dry.— 
Fraction 1 to 2 mm diameter dry, 
ground 

.Centrifuge bowl fraction 

If 6-4 

do 

4-6 


32 


49 


63 


96 


0-11 


14-28 


28-42 







Base e\- 
change 
capaciU 
per gram 
of colloid 


Mdli- 

equiva- 

lents 

0 378 
301 
293 
370 

609 

604 

404 

950 

1 019 
169 
558 
962 
265 
127 
255 
736 
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The base-exchange capacity appears to increase with fineness of 
natural sample and with grinding, and to be reduced by drying The 
highest base-exchange value for saw-giass peat colloid was obtained 
from the sedimentary layei at a depth of 32 inches Colloid from 
Klamath peat contains a large portion of diatomaceous (sihceous) 
matter and is of only medium base capacity The layer of saw-grass 
peat taken at a depth of 32 inches is sedimentary The high base 
capacity obtained for such muckhke material may be due in part to 
molecular concentration at the interfaces of the mixture The indi- 
cated tendency is for dilution with sand to increase the base capacity 
per gram of colloid 

The dopplerite is found in veins or layers in peat, where it has pre- 
sumably accumulated over a long period of time {27) The sample 
was jet black, highly colloidal, and had a moisture content of 688 per 
cent when received The base-exchange capacity for this substance 
is large 


EXPERIMENTS WITH COMPOSTED MATERIALS 

LOSS OF DRY ORGANIC MATTER PROM COMPOSTED PLANT MATERIALS 

In order to provide material for the study of base-exchange capacity 
of decaying organic matter at different stages of decomposition, 
several dozen jars were arranged for composting m the soil bacteriology 
greenhouse at Arlington Experiment Farm, Rossyln, Va Duplicate 
series of stoneware jars were employed for each of the oigamc mate- 
rials used These materials were sweetclover straw, flax shives, 
sphagnum moss, sphagnum peat, and saw-grass peat Chemical or 
other treatments made to ascertain their effect on decomposition and 
base-exchange capacity are indicated in Tables 4 and 5 Observa- 
tions were made periodically to deternune rate of carbon-dioxide 
evolution, temperature reaction, and moisture content Wateiing, 
except for water-logged jars, was usually just sufiBcient to maintain 
a little free liquid which was drained out by decantation weeldy and 
returned to the top of the material m the jar. Carbon-dioxide meas- 
urements were for one pair of j*ais of each series, for only one horn* a 
week, and by the method of Humfeld {10) 

The loss in organic materials is shown in Table 4 

Table 4 — Loss in organic maieiials composted four months 


[Loss on dry-matter basis] 


Treatment 

Sweetclover 

straw 

Flax shi\ es 

Sphagnum 

peat 

Sphagnum 

moss 

Loss 

Resi- 

due 

Loss 

Resi- 

due 

Loss 

Resi- 

due 

Loss 

Resi- 

due 


Per cent 

pH 

7 7 

Per cent 

pH 

Per cent 

pH 

Per cent 

pH 

Distilled water 

53 9 

11 3 

5 9 

0 0 

4 2 

8 0 

4 S 

Soil and manure infusion ! 

50 4 

7 S 

11 5 

6 0 

6 4 

4 2 

8 5 

4 3 

3 per cent CaCOa - 

3 per cent CaCOs and 2 per cent NH 4 NO 3 

3 per cent CaCOa, 2 per cent NH 4 NO 3 , and 2 

54 0 

55 7 

8 0 

8 2 

12 6 
27 0 

6 6 

6 7 

3 1 
10 9 

5 2 

5 6 

«9 0 

4 8 

per cent K 2 HPO 4 

57 5 

8 0 

29 5 ^ 

7 1 

1 12 0 

4 5 

18 2 

4 7 

2 per cent NH 4 NO 3 and 2 per cent K;2HP04*»- 

3 per cent CaCOs, 2 per cent NH 4 NO 3 , and 2 i 

per cent K 2 HPO 4 (water-logged) 

48 3 

8 1 ; 

28 7 

5 8 

1 10 6 

1 

4 S 

t 

j 14 0 

4 6 

47 5 

1 

25 3 

7 2 i 10 0 

4 2 


« 10 per cent sweetclover added instead of CaCO® 
1 3 per cent CaCOa added at end of 60 days 
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The sweetclover straw underwent a flash decomposition during the 
first SIX weeks, as evidenced bv temperature nse and carbon dioxide 
evolved Thermograph records show that the mean temperature of 
the greenhouse air was approximately 24° C During the first five 
weeks sweetclover composts ran temperature 4° or 5° above that of 
the air Insulation of two flax ]ars to conserve heat of reaction 
appeared to aid decomposition The sweetclover composts lost from 
47 to 60 per cent of the original organic matter in four months 
Decomposition of othei materials was slow and ranged from 6 to 30 
per cent The flax had already undergone flash decomposition in 
retting and was also oily The acid sphagnum peat, and the s-aw- 
grass peat also, proved to be resistant to decay 

The sphagnum moss seemed to undergo more active decomposition 
than did the older sphagnum peat Sphagnum decomposition appears 
to have been aided by mtrate additions 

Table o — Base-exchange (milhequivalents) capacity of plant matenals and composts 


' 


Base-exchange capacity per 
gram of material 

Material > 

Tieatment 

Fresh 

material 

Material 
com- 
posted 2 
months 

Material 
com- 
posted 4 
months 


None 

0 125 




Soil infusion 

0 211 

0 168 


5 per cent CaCOs 


188 

323 

Sweetclover st^a^\ (3-gallon 1 
jarb) 

5 per cent CaC Os, 2 per cent NH4N O3, and 

2 per cent KsHPOa 

2 per cent NH4NO3 and 2 per cent 
XsHPO, « 

Distilled water onl\ 


212 

291 


154 

223 

i 


217 

202 

' 



490 


Soil infusion 

528 

.669 

Sphagnum moss, 0-2 inches i 
(2-gallon jars) 

10 per cent of sweetclover added 


508 

596 

5 per cent CaC O^ 2 per cent NH4N Os, and 

2 per cent K2HP04 

Same as above, with high water table 


49S 

.570 


507 

615 

1 

Distilled water H 


451 

589 

1 

(>rnTifi . - _ _ 

570 

1 

Soil infusion 

559 

631 

1 

5 per cent CaCOs 


504 

591 

Sphagnum moss, 2-10 mches 
(2-gallon jars; 1 

5 per cent CaCOs and 2 per cent NH,N 63.- 


492 

576 

5 per cent CaC O3, 2 per cent NH4N O3, and 

2 per cent KsHPO* 

2 per cent NH4NO3 and 2 per cent 
K:HP04 «* 

.Distilled water i 


520 

588 


497 

619 

1 


500 

662 

1 

(None 

067 

] 

Soil infusion 

073 

168 

i 

1 5 ner cent CaCOs _ 

094 

185 


5 per cent CaC O3 and 2 per cent NH4N Os. . 


,086 

161 

Flax shives U-gallon jars; | 

5 per cent CaCOs, 2 per cent NH4N O3, and 

2 per cent K2HPO4 

2 per cent NH4NO3 and 2 per cent 
K2HPO4 « 

Distilled water 


090 

164 


080 

214 



073 

139 


0 per cent CaCOs, 2 per cent NH4N O3, and 



. 2 per cent X2HPO4 ^ 

[None - 

695 




Soil infusion-- 

598 

689 

Saw-grass peat, 0-4 inches ^ 

5 per cent CaCOs and 2 per cent NH4N Os— 


565 

581 

(1-gallon jars) 

5 per cent CaC O3, 2 per cent NH4N O3, and 

2 per cent K2HPO4, and well drained 
Distilled water 


577 

667 


667 

(0 

219 

193 

677 


(None 

209 


Water 



300 pounds acid peat added 



Wh^t straw (350-pound lots). 

Chopped, 14 pounds calurea contaming 37 
per cent N added 

Long, 14 pounds calurea added 


206 



202 



Chopped, 42 pounds dned hlood added 


230 



.Long, 42 pounds dried blood added 


168 







• 6 per cent CaC O3 added at end of 60 days 

* Jars msalated for control of heat 


Composted six weeks 
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Four 1-gallon composts of saw-grass peat were provided for each of 
three layer samples This material decays very slowly Neithei 
inoculation nor drainage gave sigmficant results Addition of 
nutiients appeared to increase the rate of decomposition during the 
first two months Decomposition was most active with soil from the 
layer 0 to 4 inches from the surface, and losses of dry organic matter 
up to approximately 20 per cent were indicated The material from 
the layer between depths of 4 and 6 inches lost about half as much as 
the fresher surface material, while the older mateiial from the layer 
at a depth of 32 inches gave values that were scarcely sigmficant. 

Composite samples were taken at the end of two months and again 
after foiir months of composting These were weighed, dried, ground, 
and subjected to base-capacity tests as summarized in Table 5 
The imtial plant materials used in composts were found to mamfest 
base-exchange capacities in different degrees, which might be of impor- 
tance in choosing material for green manure or stable litter Base- 
exchange capacity appears to increase during decomposition. Chemi- 
cals that aid decomposition seem to favor increase in base capacity, 
especially during the first half of the decomposition period They 
may affect reaction, aid formation of additional products, or affect 
the physical state of the system 

Samples of composts of wheat straw prepared for mushroom growing 
were supplied by Edmund B Lambert, of the Bureau of Plant 
Industry, who suggested that chopping Helps in decomposition by 
aiding compaction or perhaps by exposing cut ends to attacks of 
decomposition microorgamsms Base-exchange capacity tests indi- 
cate that chopping is of value in promoting decomposition 
A study of these materials and certain of the compost residues is 
reported m Table 6 


Table 6 — Proximate composition {per cent) of plant materials and compost 

residues ® 


Material 

Treatment 

Ether soluble 

Alcohol solu- 
ble 

Hot-water sol- 
uble 

Hot-water sol- 
uble ash 

Hemicellulose 

Cellulose 

Lignm 

Ligmn ash 

Sweetclover straw.,. 

None, dry 


0 90 

4 89 

8 96 

1 56 

8 26 

18 67 

15 68 

0.51 


Distilled water 


1 02 

3 60 

7 17 

1 93 

14 74 

17 10 

26 98 

1 07 


5 per cent CaCOs 



49 

3 12 

8 06 

30 

10 62 

3 94 

43 98 

5 69 


5 per cent CaCOa and NH 4 NO 3 - — 

1 36 

3 31 

9 43 

2 57 

11 27 

10 91 

31 32 

8 97 


5 per cent CaCOa, 2 per 

cent 

87 

2 78 

12 14 

4 92 

9 92 

10 23 

25 82 

6 35 


NH 4 N O 3 , and 2 per cent K 2 HPO 4 










5 per cent CaCOs, 2 per cent NH 4 - 

48 

2 05 

21 52 

6 34 

6 26 

11 87 

27 76 

6 35 


NO 3 , and 2 per cent K 2 HPO 4 , 










colloidal fraction 










Flax shives 

None, dry 


69 

2 66 

3 38 

30 

8 31 

24 20 

25 05 

.43 


5 per cent CaCOs, 2 per 

cent 

1 09 

2 10 

6 38 

1 68 

23 94 

5 17 

51 47 

1 18 


NH 4 NO 3 , and 2 per 

cent 










K 2 HPO 4 










Sphagnum moss, 0- 

None, dry 


1 62 

3 22 

4 54 

43 

12 94 

13 61 

18 77 

1 28 

2 mch laj er 

6 per cent CaCOs, 2 per 

cent 

42 

5 43 

6 96 

2 07 

20 20 

6 07 

44 39 

2 65 


NH 4 NO 3 , and 2 per 

cent 










K 2 HPO 4 










Sphagnum peat, 2- 

None, dry 


72 

3 14 

4 87 

06 

11 11 

9 50 

22 51 

1 69 

10 inch laj^er 

5 per cent CaCOs, 2 per 

cent 

1 33 

5 58 

7 14; 

2 40 

23 31 

13 27 

28 25 

1 20 


NH 4 NO 3 , and 2 per 

cent 



j 







K 2 HPO 4 










Saw -grass peat, 0-4 

None, dry 


76 

2 25 

7 16 

1 92 

7 78 

5 50 

43 91 

1 61 

mch layer 

6 per cent CaCOs, 2 per 

cent 

1 58 

4 23 

7 75 

2 71 

25 94 

3 42 

50 57 

3 09 


NH 4 NO 8 , and 2 per 

cent 




1 






K 2 HPO 4 , with drainage 










Wheat straw __ __ 

Non ft. drv . 


1 36 

4 90 

7 21 


25 89 

38 97' 

13 33 

1 18 












Composted 4 months 



106 


Jonmal of Agncullura I Resea! ch 


Vol 44, No 2 


PROXIMATE ORGANIC COMPOSITION OP PLANT MATERIALS AND COMPOSTS 

Oigame analyses were made of plant materials used in composts as 
well as of numerous composted materials The results are presented 
m Table 6 The decrease in more soluble and less resistant constit- 
uents IS paitly masked by additions of soluble nutrients Except in 
the case of certam saw-grass peat composts, drainage was not pro- 
vided The most sigmficant change m composition is the concentra- 
tion of ligneous material This tends to parallel the increase in base- 
exchange capacity as decomposition progresses (Table 5 ) 

Determinations of total mtrogen were made for several samples 
Thi’eshed sweetclover straw was found to contain 1 223 per cent 
nitrogen After the sweetclover had been composted with distilled 
water for four months the nitrogen content of the residue was 
found to be 2 44 per cent No loss of nitrogen is indicated, as the 
lesidual dry orgamc matter was 47.8 per cent of the imtial sample 
Sphagnum moss contained 1 68 per cent mtrogen, and after being 
composted wuth distilled water for four months the content of the 
residue, as determined, was still 1 68 per cent nitrogen, indicating a 
loss of nitrogen proportional to dry matter 

EXPERIMENTS WITH FRACTIONATED SUBSTANCES 

STUDIES WITH CERTAIN FRACTIONS OF ORGANIC MATERIALS 

Part of the ligneous fraction separated during the orgamc analysis 
of the saw-grass peat profile, sample No 2, was used for testing its 
base capacity and was then subjected to repeated treatments with 30 
pel cent hydrogen peroxide {20) The base-capacity test was repeated 
on the residue which was later ashed. The results secured are given 
in Table 7 


Table 7 — Base-exchange capacity of ligneous fractions of peat j a lignin from sample 
No 2, Belle Glade peat colloids 



1 

i 

1 , 

1 Lignin 1 

1 fraction 

1 in colloid \ 

1 . 

1 1 
i 1 

Lignm 
ash in 
colloid 

Base-exchange capacity of 
lignm 

Dry 

residue 

Ashed 

residue 


Depth of soil 
lajer 

Per gram 
of collo.d 

Per gram 
of lignm 

Residue, 
after H 2 O 2 
treat- 
ment per 
gram of 
colloid 

after 
HjOa 
tj eat- 
ment of 
colloid 

after 
moa 
treat- 
ment of 
colloid 

Ash-free 
residue 
m colloid 

0-4 inches 

4-6 inches 

32 inches 

49 inches 

b3 inches. _ 

1 Percent 
-1 44 25 ' 

51 30 

-1 75 22 ' 

J 74 91 

72 75 

Per cent 

0 771 
906 
722 
647 
S32 

2 962 

J^liUieqmv- 

alent 

0 080 
068 

i OSO 

t 115 ; 

Milheqmv- 

alent 

0 181 
128 
120 
154 : 
108 
241 

Milheqmif- 

alent 

0 016 
014 
043 
045 i 

Per cent 

3 29 

1 77 
i 10 52 

10 43 

3 01 
14 94 

Per cent 

2 46 

1 19 

1 43 

4 01 

! Per cent 

2 83 
58 
9 09 
6 42 

86-8S inches 

I 59 92 

UDu 1 

1 i 

' i 

021 

046 

1 97 

7 45 

1 04 
7 ^9 


The base-exchange capacity of this ligneous material insoluble m 
■ranous solvents appears to be larger than that of the residual inorgamc 
sou colloids, yet it is less than was found in the orgamc soil colloid before 
fractioimtion. The extractions may destroy some organic oxide 
hwraig base-exchange properties. Treatment with hydrogen peroxide 
reawved most of the organic part of the ligneous fraction and 
most of its base-exchange capacity 
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Similar tests with the ligneous fraction isolated from the willow- 
sedge peat colloid which had high base-exchange capacity further 
indicate that the presence of some moigamc material results in 
increased base-exchange capacity of ligneous material 

Tests of base-exchange capacity were made with ligneous material 
secured in the course of analyses of plant materials, as shown in 
Table 8 It appears from these tests that this isolated ligneous mate- 
rial does not necessarily possess as large a base-exchange capacity as 
the material fiom which it is derived 


Table 8 — Base-exchange capacity of organic materials and of ligneous fractions 

separated from them 


Material 

Base- 
exchange 
capacity 
Iier gram 
of plant 
material 

Base- 
exchange 
capacitv 
per gram 
of lig- 
neous 
fraction 

i 

Ash in 
ligneous 
fraction 

S weetclover straw 

equiia- 

lent 

0 125 
490 
570 
067 

Milh- 

equua- 

levt 

0 141 
255 
459 
131 

Pe? cent 

3 26 
6 81 
7 51 

1 69 

Sphagnum moss, 0-2 inches . _ 

Sphagnum peat, 2-10 inches 

Flax shives 



BASE-EXCHANGE STUDIES WITH PLANT LIGNIN AND LIGNO-HEMICELLULOSE 

Samples high in lignin and m hemicellulose were prepared from both 
sphagnum moss and flax shives by the method of Phillips { 15 ) After 
the different extractions the hemicellulose was precipitated and 
washed with alcohol and the ligmn boiled with hydrochloric acid to 
destroy any hemicellulose present, then washed free of chlorides 
Samples of oat-hull lignm and corncob lignm were also used for base- 
exchange capacity determinations, with results as given below 


Material Milliequivalent 

Oat-hull lignm 0 062 

Do 050 

Oat-hull ligmn, second fi action 039 

Do 038 

Corncob lignm . 040 

Do 036 

Flax-shive lignm 

Wet . 192 

Dry ,151 

Flax-shive ligno-hemicellulose 

Wet 186 

Dry 4 167 

Sphagnum-moss lignm 

Wet 098 

Dry 041 

Sphagnum-moss ligno-hemicellulose, wet ® . 158 


Accordmg to Phillips, lignin has a molecular weight of about 700 
and apparently four hydrox;^! groups to which a base might attach 
Obviously, only a small fraction of the total theoretical base capacity 
at optimum reaction is manifested imder the conditions of these tests 


< Contamb 32 24 per cent henucellulose 


» Contains IS 93 per cent hemicellulose 
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From these determinations it appears that drying lowers the base- 
exchange actmtT of these substances This may be due to diminu- 
tion of ingress of soluble salts to the interior of particles The tend- 
ency of these ligneous and lignocellulose fractions to include impurities 
and to hydrolyze under treatment of base-exchange tests is a cause of 
some difficulty and uncertainty 

GENERAL DISCUSSION 

The data presented clearly indicate that a portion of the peat pro- 
file samples studied is of colloidal size The particles retained m the 
centrifuge bowl show some colloidal properties, and it seems probable 
that the effectiye size for marked coUoidality is larger for organic 
than for morgamc colloid The tendency shown for additions of 
calcium carbonate to increase base adsorption suggests that such 
treatment may conserve or produce base-adsorptive complexes. 
Since the ligneous fraction in these experiments and those of Tenney 
and Waksman (2o, 26) tends to become concentrated as decomposition 
of organic matter advances, and organic material, such as saw-grass 
peat or flax shives, of large ligneous content is slow to decay, it appears 
that the base-exchange capacity of organic residues is fairly perma- 
nent The hgneous character and high base-exchange capacity of 
old sedimentary layers would appear to support this view 

Choppmg or grindmg, and control of temperature, moisture, aera- 
tion, reaction, and nutrients reqmred by decomposition microorgan- 
isms, aftbrd means of regulatmg the rate of decomposition (28) A 
Imowledge of composition and base-exchange capacity of farm waste 
or available litter should be helpful The flash decomposition of 
legume lesidues like sweetclover, noted by Smith and Humfeld (23), 
although they release nutrients and energy, may be wasteful under 
some circumstances 

When small amounts of peat or hgneous colloid are mixed with sand, 
the base-exchange activity of such organic colloids may increase with 
dilution until not more than a monomicellar layer of colloid coating 
surrounds each sand gram 

Mixmg orgamc and inorgamc colloid and supplying calcium carbon- 
ate may provide conditions favorable for a high base-exchange capac- 
ity of the whole system A concentration of ions at the interface of 
a mixture may operate to increase base-exchange capacity A large 
proportion of organic matter and the presence of bases sufficient to 
give a faintly alkaline reaction is mdicated as desirable by these 
studies and is m line -with results of Mattson (13), It seems possible 
that any acidic organic compound or other derivatives contaimng 
hydroxyl groups may react with bases, and that ketones or aldehydes 
may be oxidized to acids which would neutrahze bases and perhaps 
allow base adsorption Proteins or other amphoteric substances in 
soil organic matter may also conceivably affect base-exchange capac- 
ity of organic soil colloids. The orgamcally combmed and also the 
extraneous inorganic matter may affect the base-exchange capacity 
of the peaty coUoids. Studies of natural or synthetic organic colloids 
seem a promising field for investigation. It would appear improb- 
able that |he base-exchange properties of natural orgamc soil colloid 
can be asrfgned to any definite chemical compound, since the material 
IS the result of the reaction of widely different mateiials under very 
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diverse conditions. Comparative results under specified conditions 
aie obtainable 

SUMMARY 

Experiments with 8 peat profiles, including 26 soil-layer samples, 
show that it IS possible to separate organic colloids from peat with 
fairly good, though scarcely quantitative, yields This natural 
orgamc colloid absorbs about 50 per cent more w^ater, over 3 3 per 
cent sulphuric acid, than the average for inorganic soil colloids. The 
proximate composition of peat colloids varies widely with parent 
material and climatic conditions The colloid fraction is richer in 
nitrogen than the peat from which it is separated Although the base- 
exchange capacity of peat is large, its colloid fraction gives much 
higher values The ligneous fraction of the peat colloid, although 
manifesting comparatively good base-exchange capacity, appears to 
have this property largely destroyed by treatment with hydrogen 
peroxide 

Plant materials manifest base-exchange capacity m different degrees, 
which may affect their comparative values for green manure or stable 
litter. Studies with composts show a concentration of ligneous mate- 
rial as decomposition proceeds and this is correlated wuth increased 
base-exchange capacity The state of the colloid, or of its hgneous frac- 
tion, appears to be conditioned for higher base adsorption by additions 
of sand, clay, or calcium carbonate Foiniation of addition com- 
plexes, or the freeing of double-valence bonds, seems probable, and 
merits further investigation 

Results obtained should be of practical value in composting as well 
as in economy of soil organic matter and soil fertility 
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THE DECOMPOSITION OF VETCH GREEN MANURE IN 
RELATION TO THE SURROUNDING SOIL^ 


By Harry Humfeld, Associate Bacteriologist^ and Nathan R Smith, Senior 
Bacteriologist y Soil Investigations, Bureau of Chemistry and Soils, United States 
Department of Agriculture^ 

INTRODUCTION 

In two previous papers by Smith and Humfeld (7, studies on the 
effect of the decomposition of green rye and green vetch, used as 
green manures on two acid and two neutralized soils, were reported 
The results obtained indicated that further studies on the extent of 
the activities of the microorganisms that caused the decomposition 
of the organic materials added would be desirable. 

In these experiments the green manure turned under was deposited 
in a layer approximately 5 mches below the surface of the soil 
Sampling consisted in takmg a number of cores of soil to a depth of 6 
inches and then homogenizing the soil from these cores in order to 
obtain a representative sample In this operation the green manure 
was thoroughly mixed with the soil, and if any difference in activity 
existed in the soil at vanous depths or in the green manure, these 
differences tended to be obscured or masked It was suggested that 
if any information were to be gamed as to the nature or possible 
localization of the activity of the microorgamsms in the layer of 
green manure and in the soil at different depths, a special method of 
sampling would have to be developed 
Preliminary observations^ indicated that there were great differ- 
ences in the number of organisms in the soil and in the green manures. 
In order to obtain conclusive data on the relationships of the decom- 
posing green manure to the surroimding soil the following experiment 
was planned 

SOIL AND MANURE 

Two plots of Leonardtowm clay loam were used, one neutralized 
with ground limestone and the other left in the naturally acid con- 
dition These plots formed part of the series used for the previously 
reported experiments on green manures (7, S), but had had no treat- 
ment, being kept fallow’- and at optimum moisture wnth distilled w^ater. 
The size of each plot w^as 1 K feet by 3 feet, and the soil w'-as approxi- 
mately 10 inches deep The vetch used as gieen manure w^as ^rown 
on a separate bench in the greenhouse until approximately a maximum 
growth was obtained This corresponds to the stage just before 
flow’-ermg The vetch was cut close to the soil and 2,500 grams of 


1 Received for publication July 20, 1931, issued March, 1932 

2 The method of samplmg used in this work is a result of a suggestion by Charles Thom, prmcipal mj’col- 
ogist, that a study of the decomposing green manure be made apart from the soil The authors are in- 
debted to him for this suggestion and for his mterest and criticism of the work They wish to express their 
appreciation to Daniel Ready, assistant scientific aid, for makmg the ammonia, nitrate nitrogen, and 
moisture determmations, and to George Irvmg, jr , under scientific helper, for makmg the pH determm- 
ations 

3 Reference is made by number (italic) to Literature Cited, p 120 

4 Leaves and stems of rye and vetch were sieved out of subsamples of the green manure studied by Smith 
and Humfeld These were examined microscopically by Charles Thom The enormous number of bac- 
teria found in and on these green matenals made necessary a restudy of the whole situation on a different 
method of samplmg, hence this paper 
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the green retch tops were brought to the experimental plots and 
turned under o inches below the surface of the soil The retch con- 
tained 13 8 per cent diy matter and 3 97 per cent total nitrogen on 
the dry basis This is equiralent to about 53,500 pounds of green 
retch per acre, or about 7,400 pounds of dry material and 270 pounds 
of nitrogen per acre 

The plots were sampled immediately after the retch was turned 
under, subsequent samples bemg taken 2, 4, 7, 14, 21, 36, and 56" 
days after green manuring 

METHOD OF SAMPLING 

The cores of soil were taken m the usual manner, but instead of 
mixing the sample obtained, each core was dirided carefully into 
three equal parts (1) The 0 to 2 inch layer, (2) the 2 to 4 inch 
laj^er, and (3) the 4 to 6 inch layer This last layer contained the 
green manure, which was separated as thoroughly as possible from 
the soil and treated as a separate sample In order to get materia] 
enough for analysis twenty 6-mch cores were taken from each plot 
and fractionated as described. The homologous fractions were com- 
bined, homogenized, and samples weighed out for the determination 
of the number of soil microorgamsms and protozoa, amounts of 
ammonia mtrogen, mtrate nitrogen and moisture, the pH value of 
the soil and decomposing green manure, and the carbon dioxide 
evolution from the surface of the soil 


METHODS OF ANALYSIS 


The number of microorganisms was estimated by plating the 
appropiiate dilutions on soil-extract agar, as described previously (7) 
The number of protozoa was determined by the dilution method, 
iismg dilutions of 1 to 50, 1 to 500, 1 to 5,00b, and, when necessary, 
1 to 50,000, Tubes of broth ^ were moculated with a milliliter of 
these dilutions and mcubated 7 to 10 days at 28"^ C The presence 
of protozoa was determined by microscopic exammation Five tubes 
were moculated from each dilution The number of protozoa in 
the onginal material was estimated from the number of tubes of the 
highest dilution showmg a growth of protozoa The counts are 
leported as number per gram of oven-dry material. 

Ammoma mtrogen was determmed by distillation with MgO ac- 
^rdmg to the official methods (7), with the following modification. 
The NHa was collected in 5 per cent H3BO3 and was titrated with 
standard 0 14N H2SO4, brom phenol blue being used as an indicatoi, 
as described by Scales and Harrison {6) and Alarkley and Hann (S) 

ISitric mtrogen in the soil samples was determined by the phenol 
disulphonic acid method In the green manure it was determmed 
by ^eating the residue from the ammonia analysis according to the 
Zn-Cu couple reduction method (5), boric acid being used as the 
absorbing agent and the titration being made as described for am- 
monia mtrogen. 

The reaction of the samples was determined by means of the 
qumhydrone electrode in the usual manner Moisture detenmna- 
tions were made by drying the samples at 105° C overnight 


« Com^sitpn of the broth was as follows Soil extract 1,000 cubic centimeters and KsHPO^ 0 
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Carbon dioxide evolution was determined as described by Hnmfeld 
( 2 ) The method consists of passing a known volume of air over a 
knovTi and inclosed area of soil and collecting it by means of absorp- 
tion in potassium hydroxide solution of known strength The amount 
of carbon, as carbon dioxide evolved from the soil, was calculated as 
grams per square meter m 24 hours 

RESULTS 

The results of the plate counts of microorganisms in the soil and in 
the decomposing green manure are summarized in Table 1 


Table 1 — Millions of mici ooi ganisms in soil at mnous depths when iinlimed and 
limed and infiesh and in decomposing green manure 
[Calculated on the basis of dry weight] 


Days 

after 

green 

manur- 

ing 

IMicroorgamsms in unlimed 
soil at indicated depth (inches) 

i 

Green- 

manure 

layer 

Days 

after 

green 

manur- 

ing 

IMicroorganisms m limed 
soil at indicated depth (inches) 

1 

Green- 

manure 

layer 

0to2 

2 to 4 

4 to 6 

0to2 

1 

2 to 4 

1 

4 to 6 


J\Iillions 

Millions 

Millions 

Millions 


Millions 

Millions 

Millions 

Millions 

0 

7 5 

7 9 

11 1 

970 

0 

43 9 j 

45 6 

35 1 

970 

2 

G 4 

5 3 

7 7 

7,350 

2 

47 6 1 

36 3 

20 0 

8,800 

4 

13 4 

10 1 

11 0 

21, 500 

4 

52 6 

29 9 

31 2 

46,400 

7 

21 0 

18 8 

20 6 

5,430 

7 

61 3 

48 1 

66 6 i 

5,000 

14 

12 5 

8 4 

13 3 

800 

14 

32 0 : 

34 5 

23 8 

760 

21 ‘ 

23 1 

17 2 

27 5 

508 

21 

60 1 

37 0 

39 4 ' 

420 

35 

10 6 

8 7 

8 7 

352 

35 

44 8 ; 

47 6 

24 0 

178 

50 

13 7 

3 7 

10 8 

73 5 

56 

75 0 

39 6 

32 2 , 

87 6 


It Will be noted that the number of microorganisms in the limed 
soil was considerably higher than the number in the unlimed soil, 
and that the fluctuations m number throughout the duration of the 
experiment were comparatively small There was a tendency for the 
number in the different soil layers to mcrease, the highest counts 
being obtained in 7 and 21 days However, when these counts are 
compared with the counts obtained in the green manure itself, they 
become insignificant, for while the number of microorgamsms m the 
soil runs into the millions, the number in the green manure runs into 
the billions The count of the vetch immediately after it was turned 
under was 970,000,000 per gram of dry material. This number is 
much greater than is ordinarily found on growing plants It prob- 
ably was due to the fact that the vetch had been grown m the green- 
house and had become closely matted on the soil As a result, many 
of the lower leaves were dead Under the optimum conditions for 
the growth of microorganisms m the greenhouse, these dead leaves 
were already undergoing decomposition and contained great numbers 
of bacteria and protozoa. 

After four days the imtial count had increased to more than 

21.000. 000.000 m the decomposing vetch in the acid soil and exceeded 

46.000. 000.000 in the limed soil A rapid reduction in numbers took 
place after this, and 56 days after treatment only 73,000,000 and 

88.000. 000 were found in the acid and hmed soil, respectively The 
disappearance of the majority of the organisms m the green manure 
coincided with the disappearance of the leafy part of the vetch It 
is apparent that when the more readily decomposable parts of the 
vetch had been consumed, the numbers rapidly decreased, as the 
more resistant stems did not contam sufficient readily available 
materials to support the great number of microorganisms present. 
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It IS interesting to note the results obtained in counting the protozoa 
as shown m Table 2, 

T 4 BLE 2 — Xumbeis of protozoa in soil at vanous depths when imhmed and limed 
and in fiesh and decomposing green manure 
[Calculated on the basis of drv weight] 


Ba\s 

after 

grceu 

nianur- 

mg 

I 

Protozoa m unlimed soil ac 
' indicated depth (mches) 

Green- 

manure 

layer 

! Davs 

I after 

1 green 

1 manur- 
ing 

Protozoa in limed soil at 
indicated depth (mches) 

Greon- 
' manure 
la^ er 

i ' 1 

1 Qto2 j 2 to 4 I 

4 to 6 ! 

0to2 

2 to 4 

4 to 6 

0 

i o| 

90 i 

60 i 

7,300 

0 

90 

30 

30 

14, 600 

2 1 

1 40 i 

40 

0 ' 

23,000 

2 

40 

0 

80 

24, 500 

4 

! 40 t 

SO 

40 , 

152,000 

4 

40 

80 

0 

81, 500 

i 

i ^"“0 ! 

SO 

0 i 

960 

7 

40 

0 

0 

890 

14 

120 

30 

00 1 

79 

14 

60 

60 

0 

790 

21 

! GO 

60 

1 30 

760 

21 

30 

60 

30 

760 

35 

00 , 

0 

0 1 

380 

35 

0 

90 

0 

1,100 

ofi 

30 i 

i ! 

0 j 60 , 

75 

j 56 

0 

0 

0 

75 


The number of protozoa in the different soil layers was small, the 
variation recoided being attributable to the method of counting. The 
vetch layer just after it was turned under contained a larger number, 
but the interesting fact was the increase m numbers of protozoa in the 
deconiposmg green manure These numbers increased rapidly, the peak 
being reached in four days After that the count dropped suddenly 
and remained low. 

The number of fungi and actmomycetes was not determined, as all 
previous studies had shown that there is no significant change in the 
nmnber of either under these conditions 

Table 3 — Paris per million of ammonia nitrogen in unlimed and limed soil at 
vanous depths^ and in fresh and in decomposing green manure 
[Calculated on the basis of dry weight] 


Dajs 

after 

green 

manur- 

ing 

Amxronia nitrogen m un- i 
limed soil at indicated \ 
depth (inches) 

Green- 

manure 

layer 

. 1 

Days 
after 
i green 
manur- 
, ing 

Ammoma nitrogen m limed 
soil at indicated depth 
(inches) 

Green- 
manure 
la\ er 

- 0 to 2 

2 to 4 1 

1 

4 to 6 ' 

0 to 2 

2 to 4 

4 to G 

0 1 

i 

1 

i , ! 

I 0 





o 



13 i 

620 

2 

if 

8 

S 

568 

4 

7 

3 

S 

752 

' i 

1 

2 

6 

3,060 

7 

10 

13 ' 

13 

142 

7 

6 

9 

17 

364 

14 

13 

19 1 

56 * 

285 

14 

8 

6 

53 

174 

21 

! 14 

23 , 

62 ! 

210 

21 

17 

14 

25 

59 

3o 

1 11 ! 

21 ! 

35 , 

65 

|1 35 

32 

12 

12 

20 

56 

1 

24 , 

26 1 

1 

23 

56 

6 



6 


The results obtained from the analyses for ammonia nitrogen are 
given m Table 3 and show that the amount of this form of nitrogen in 
the soil was low. However, the amount in the green manure was con- 
siderable and was especially high in the first four days of decomposi- 
tion. As decomposition progressed, the amount of ammonia nitrogen 
decreased, and at the end of the experiment the amount was no higher 
than in the siirroimding soil. The ammonia nitrogen m the 4 to 6 
inch layer, or in the soil adjacent to the green manure, increased to a 
maximum of 62 parts per nullion in 21 days m the unlimed soil and to 
53 jwts per million in 14 days in the hmed soil. This was no doubt 
due t# the diffusion of ammonia from the deconiposmg material. 
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Table 4 — Parts per million of mine nitrogen in unlinied and limed soil at vanous 
depths i and in fresh and in decomposing green manure 


[Calculated on the basis of drj weight] 


Da>s 

after 

green 

manur- 

ing 

Nitric nitrogen m unlimed 
soil at indicated depth 
(incbesj 

Green- 

manure 

layer 

Days ' 
after 
green 
manur- 
ing 

Nitric nitrogen m limed 
soil at mdicated depth 
(inches) 

Green- 

manure 

layer 

1 

0to2 

2 to 4 

4 to 6 

0to2 

2 to 4 

1 ‘ 

4 to 6 

! 

0 

33 

39 

34 


0 

59 

65 

49 


2 

42 

1 37 

35 

608 

2 

35 

70 

31 

570 

4 

43 

39 

40 

429 

4 

70 

53 

41 

477 

7 

6_2\ 

35 

3S 

30 

7 

109 

51 

46 

25 

14 

88 

36 

36 

44 

14 

1^4 

49 

95 

59 

21 

82 

42 

51 

SO 

21 

139 

73 

88 

36 

35 

116 

47 

54 

74 

35 

182 

67 

83 

86 

56 

198 

64 

60 

67 

56 

439 

93 

71 

74 


The nitric nitrogen, as shown in Table 4, m the unlimed soil at the 
beginning of the experiment was 33 to 39 parts per million, the limed 
soil contained 49 to 65 parts per milhon 
In the green manure the mtnc nitrogen decreased rapidly, and 
after seven days only 30 and 25 parts per million were present in the 
green-manure layer of the acid and limed soils The outstandmg fact 
is the gradual accumulation of mtnc mtrogen of the upper 2-inch layer. 
In the unhmed soil the increase was from 33 to 198 parts per million, 
and m the limed soil, from 59 to 439 parts per million. 


Table 5 — pH values of the unhmed and limed soil at vanous depths and of the 
fresh and decomposing green manures 


Days 

after 

green 

manur- 

ing 

pH value of unlimed soil at m- 
dicated depth (mches) 

Green- 

manure 

layer 

1 

Dajs 

after 

green 

manur- 

ing 

pH value of limed soil at in- 
dicated depth (mches) 

Green- 

manure 

layer 

0to2 

2 to 4 

4 to 6 

1 

0 to 2 

2 to 4 

4 to 6 

0 

4 3 

4 3 

4 3 i 

! 6 8 

0 

7 3 i 

7 4 1 

7 0 

6 7 

2 

4 2 

4 3 

4 3 ! 

5 5 

2 

7 3 

7 5 

6 8 

7 3 

4 

4 2 

4 3 

4 2 i 

7 3 

4 

7 5 ! 

7 6 ' 

6 9 

8 1 

7 

4 1 

4 3 

4 3 1 

4 7 

7 

7 2 i 

7 2 i 

6 5 

7 6 

14 

4 2 

4 4 

4 S 

6 6 

14 

7 2 i 

7 4 

7 1 

7 7 

21 

4 1 

4 2 

4 4 * 

5 5 

21 

7 2 ! 

7 4 

b 7 

6 6 

35 

4 0 

4 3 

4 3 

4 6 

35 

7 3 1 

7 6 

7 3 

7 3 

56 

3 9 

4 1 

4 2 

4 3 

56 

70j 

i 

74 

7 2 

0 8 


Table 5 shows the results of the pH determinations The pH 
value of the green manm*e added to the imlimed soil was 6 8, whereas 
the pH value of the soil was 4 3 However, as the vetch disappeared, 
the pH value of the green manure deci eased, and at the last samplmg 
it was the same as that of the surrounding soil The surface layer 
m the meantmie had become more acid, perhaps due to the concen- 
tration of mtrates there 

In the hmed sod the pH value of the green manure was somewhat 
higher than that of the surrounding soil durmg the stage of most 
active decomposition and during the greatest accumulation of 
ammoma. The difference was not so striking as in the case of the 
unlimed soil 

The rate of carbon dioxide production is given in Figure 1 The 
effect of turmng under green manure on the evolution of carbon 
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dioxide was immediate and was marked The peak of the evolution 
was reached in 3 days, after which a rapid reduction took place 
In 20 davs tins decline had practically stopped, and a faiily con- 
stant late, which was close to the late prevailing before the green 
inanui'e was turned under, was maintained Apparently the cpian- 
tity of mateiial turned under was the determmmg factor The 
amoimt of carbon dioxide given off fiom both limed and unhmed 
soil before treatment was neghgible when compared to that given 
off after the addition of the green manure 

DISCUSSION 

In order to gam a clear pictm’e of the effect of the addition of green 
vetch to this soil, it is necessary to compare the results of each de- 
termmation ivuth those of every other determmation ^ For instance, 
if plate counts of microorganisms are compared with the other 



Figure 1 —Grams C as CO 2 evolved per square meter of limed and unlimed soil treated with vetch 

green manure 

factors certain correlations are seen. When the plate counts of 
microorganisms m the green-manure layer were high, as during the 
first few days, the count of protozoa, the amount of ammonia nitro- 
gen, and the evolution of carbon dioxide were also high, as might 
be expected Consequently, at the same time the pH value of the 
green mamme was at the maximum and the mtric-mtrogen content, 
mthough still high, was being rapidly reduced 
The decomposition of the green manure causing the great increase 
in number of microorganisms, which by observation of the plates 
were found to be almost exclusively bacteria, had practically no 
effect on the number of microorgamsms in the soil itself. Since the 
green manure contained a great number of microorgamsms before 
it was turned under, it may be said that its decomposition proceeded 
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independently of the microorganisms m the soil The same ob- 
servation may be made as to the number of protozoa Whether the 
plant material itself served as a source of energy for the protozoa or 
whether, as has been suggested by Kussell (4), "the protozoa subsist 
on bacteria, can not be stated However, it was defimtely de- 
termined that as the number of bacteria mcreased the number of 
protozoa increased and also as the number of bacteria decreased the 
number of protozoa decreased 

The increase in ammoma-mtrogen content of the green manure 
was no doubt due to the breaking down of the more complex mtiogen 
compounds in the plant material Isolation of a number of the 
bacteria from the colomes obtamed from the plate counts of this 
material showed that most of them were able to ammonify peptone 
bioth readily This ammomfication of the proteins in "the plant 
materials caused an increase m the pH of the material and was, of 
couise, at a maximum when microbial activity was gieatest 

The mtnc-mtrogen deterimnations, however, give a somewhat 
different picture In the green manure the nitric nitrogen was high- 
est at the beginning and decreased lapidly up to seven dscys after 
the vetch was turned under Aftei that it remained approximately 
constant It is evident that nitrification of the ammoma was con- 
stantly taking place, because, although the amount of ammonia in 
the soil adjacent to the green manure was always somewhat higher 
after the first seven days than in the soil more distant from the 
green-manure layer, an accumulation of ammonia did not take place, 
but a gradual accumulation of nitric mtrogen occurred m the upper 
2 inches of soil This accumulation took place both in the naturally 
acid and in the limed soil It is veiy evident that although the soil 
of the unlimed plot reached a very low pH value (3 9), nitrification 
was sufficiently rapid to insure the oxidation of the ammoma given 
off by the green manure 

It is not clear from the data at hand whether the increase in nitric 
nitrogen was due to nitrification at or near the surface of the soil, or 
whether the accumulation was the result of mtrification at greater 
depths and the transportation of the nitrates to the surface by the 
physical action of capillarity and surface evaporation Some obsei- 
vations as to the concentration of mtrates at the surface under the 
conditions obtaimng during this and sumlar experiments have shown 
that a great proportion of the total mtrates in the soil may be con- 
centrated at the surface Concentrations of 1,300 parts per imUion 
have been found in the upper one-quarter inch of soil It has been 
assumed that the nitrates were earned to the surface by capillary 
action, where they w^ere left by the evaporation of the water Periodic 
sprinldmg should dissolve these mtrates and distribute them through 
the soil, b^ut apparently it did not do so 

As the number of microorganisms m the green manm^e decreased, 
the mtric-nitrogen accumulation m the upper 2 inches of soil increased 
This was in agreement with previous findings (7, 8) 

The carbon-dioxide evolution correlated very nicely with the other 
activities, the peak of carbon-dioxide evolution comcidmg with the 
time at which the greatest number of microorganisms were found in 
the green manure It may be said that imder the conditions of the 
experiment the carbon-dioxide evolution was a good mdication of the 
microbial activity in the material undergomg decomposition. 
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SUMMARY 

An experiment on the decomposition of green vetch added to a 
natiiially acid and a limed soil is reported 

A special method of sampling was used m which the 6-inch coies of 
soil were divided m tliree successive 2-mch layers The third layer 
contained the layer of green manure, which was separated from the 
soil as thoroughly as possible and treated as a separate sample 

Twenty fractionated cores from each plot were homogemzed, and 
the representative samples of each layer obtained were analyzed for 
number of microorgamsms as indicated hj plate count on soil-extract 
agar, number of protozoa, and amount of ammoma nitrogen, mtric 
mtrogen, and moisture The soil reaction (pH) and carbon-dioxide 
evolution were also determined. 

The results show that the increase in number of bacteria and pro- 
tozoa was hmited almost entirely to the green-manure layer The 
soil acted as a blanket, msurmg more or less uniform conditions of 
temperature and moisture, and as an absorbent for the ammoma pro- 
duced in the decomposition of the green manure In all probability 
the soil was the material m winch nitrification of this ammonia took 
place It was also found that rapid mtrification took place even in 
the very acid soil and that an accumulation of nitrates occurred at 
the surface 

The pH of the green manure was shown to be highei than the pH of 
the surrounding soil during the period of active decomposition Car- 
bon-dioxide production was correlated with microbial activity and was 
considered to be a good indicator of such activity under the conditions 
of the experiment. 
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INHERITANCE OP RESISTANCE TO BUNT, TILLETIA 
TRITICI, in crosses op white PEDERATION WITH 

turkey wheats ' 

By Fred N Briggs, 2 

Formerly Associate Pathologist, Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, United States Department of Agnculture, and Associate in 
Agronomy, California Aqricultwal Experiment Station 

INTRODUCTION 

In the study of the inheritance of resistance to bunt, Tilletia 
tntici (B]erk ) Wmt., it is desirable to know the number of resistant 
factors present in each resistant variety and the effect of each factor. 
Also it is necessary to know whether or not various resistant varieties 
contain the same or different factors for resistance if such varieties 
are to be used intelligently for breeding other resistant varieties. 
Crosses are made with appropriate test vaiieties, as soon as they are 
available, in order to determine tliis last point Martin wheat {ly 
has a single dominant factor for resistance to bunt and is used as a 
test variety for tliis factor, which is designated as the Martin factor. 
The only other test variety now available is selection 1418 This 
selection contains the second Hussar factor (S) which allows bunt 
to develop on about half the heterozygous plants. However, tliis 
selection w^as not available when the investigations with Turkey 
C. I ^ 1558 and Turkej^ C I, 3055 were begun. 

Tliis paper deals with crosses of susceptible White Pederation 
with resistant Turke}^ C. I. 1558 and Turke^^ C. I. 3055 wheats 
from w^hich the number of factors for resistance" and their effect may 
be determined. These tw’o Turkey wheats also were crossed vith 
Martin to see w^hether the Martin factor was present. Recently 
appropriate crosses were made to determine whether or not the 
factors present in these tw^o Turkey wheats were identical with each 
other and the same as the second Hussar factor. These data will 
not be available for two or three years. 

The hterature relating to inheritance of resistance to bunt in wheat 
has been reviewed and discussed m previous publications (i, 3, 4)- 

METHODS AND MATERIALS 

The parental material and hybrid^ populations were grown in the 
field at University Parm, Davis, Calif. Conditions there favor such 
mvestigations because relativeh’^ high bunt infection can be obtained 
when wheat is sown in the fall. Both spring and winter varieties 
may be seeded at that time without any danger of winter killing and 
with the assurance that both types will mature the following summer. 


1 Received for publication July 14, 1931, issued March, 1932 Cooperative investigations of the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, U S Department of Agriculture, and 
the Division of Agronomy, California Agricultural Experiment Station 

2 The writer acknowledges valuable suggestions from R E Clausen, Du ision of Genetics, and various 
members of the Division of Agronomy, University of Galiforma, and from various members of the Division 
of Cereal Crops and Diseases 

3 Reference is made by number (italic) to Literature Cited, p 126 

< G I refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations 
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The seeds were thoroughly blackened with bunt spores The 
inoculum was collected by W W Mackie in 1917 on Little Club wheat 
in the Montezuma Hills district of Solano County, Calif It was 
propagated by Mackie on Little Club wheat in the botany garden at 
Berkeley, Calif Since 1919 the writer has grown bunt from this 
original collection on White Federation wheat at Davis The inoculum 
used, therefore, has been derived from one original collection of bunt 
Since Fans (d) has shown that physiologic forms of bunt exist, the 
writer has been careful not to mtroduce new collections of bunt mto 
the nursery The fact that the same collection of bunt has been used 
contmuously at Davis makes it reasonably certain that the same 
physiologic form, or possibly a mixture of forms, has been employed 
in all these bunt investigations This is indicated also by the fairly 
constant way ha which the parental wheat varieties have reacted 
to this inoculum This collection of bunt has been designated by 
Reed {6) as Physiologic Race III of Tilletia tritici 

The wheat seeds were spaced from 2 to 3 inches apart m rod rows 1 
foot apart The entire nursery was sown withm three or four days in 
order to avoid the effects of different temperatuies and soil moistures 
At harvest time the plants m each row were pulled and separated mto 
two piles, bunt free and bunted The total number of plants and the 
number of bunted plants were recorded, and the percentage of bunt 
infection was calculated A plant was classified as bunted if it 
showed any infection 

The percentages of bunt produced by the parent varieties may be 
seen m Table 1. 

Table 1 — Annual percentage of hunt infection in the parent wheat vaiieties from 
1920 to 1922 and 1927 to 1929 j when grown at Davis, Calif 


Percentage of bunted plants 


Variety 

1920 

1921 

1922 

1927 

1928 

L 

1929 

Average 

Turkey C I 155S 

■ ' 14 5 1 

0 3 

0 5 

0 

I'* 

1 2 8 

0 

3 00 

Turkey C I 3055 

1 0 ! 

0 

0 

0 

2 

1 

05 

Alartin 

0 

0 

0 

0 

0 

0 

0 

V iiite Federation 

88 7 

51 6 

58 3 

66 6 

68 9 

1 i 

78 6 

68 80 


Turkey C I 1558 had 14 5 per cent of bunted plants m 1920 
Smce that tune the percentage of bimt in this variety has been much 
lover, reaching a maximum of 2 8 per cent m 1928 The reasons for 
the comparatively high percentage of diseased plants m 1920 are not 
apparent Tisdale et al. (7) report an average of almost 9 per cent 
of bunted heads for this variety at Moro, Oreg , m 1919 and 1920 

Turkey C. I 3055 has been almost free from bunt, producing only 
a little in 1928 and 1929 This vanety produced 1 per cent of bunt 
in 1919 but was bunt free m 1920 at Moro, Oreg (7) Martin has 
been entirely free from bunt at Davis, while White Federation, the 
susceptible parent, has produced more than 50 per cent of diseased 
plants each year. 

EXPERIMENTAL RESULTS 

All the crosses were made m 1926. The Fi seeds were not inocu- 
lated because of the small number available. 

A part of the Fa seeds of all crosses was treated with copper car- 
bonate to protect them from bunt infection so that a supply might 
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be grown for F3 Enough seeds to plant approximately 20 rod rows 
of each cross were inoculated and grown m 1928. 

The F2 data do not permit a satisfactory genetic analysis because 
some susceptible plants usually escape infection Some resistant 
plants occasionally also become partly infected The data do give 
some idea of the number of factors present and indicate the percentage 
of bunted plants that may be expected in F3 rows of the same genotype. 
The data collected in F2 are recorded m Table 2 

Table 2 — Percentage of hunted plants tn parents and F 2 of the ciosses named 
when g)own tn the field at University Farm, Davis, Calif , 19^9 


Parent or cross 

Total 

plants 

Bunted plants 


Number 

504 

479 

309 

815 

623 

921 

1,016 

Number 

14 

1 

253 
421 
252 ! 
43 
50 

Per cent 

2 8 
2 

81 9 
51 6 
40 4 
4 7 
4 9 

Turkev 0 I 3055 - 

White Federation 

White Federation X Turkey C I 1558 

White Federation X Turkev C I 3055 — - 

Martin X Turkey C I 1558 

Martin X Turkey C I 3055 



There was 516 per cent of bunted plants in the ¥2 of White Federa- 
tion X Turkey C I 1558 as compared with 40 4 per cent in the cross 
with Turkey C I 3055 The selection 1418, v^hich carries the 
second Hussar factor, produced 53 3 per cent of bunted plants in F2 
when crossed with Little Club (3) The F2 data, then, mdicate that 
both strains of Turkey contain single factors for resistance to bunt 
which are similar in effect to the second Hussar factor 
The F2 of Martin X Turkey C I. 1558 and Martm X Turkey C. L 
3055 contained 4 7 and 4 9 per cent of bunted plants, respectively, 
showing that the Martin factor is not present m these varieties 
In the F3, 299 rod rows were grown from 299 F2 plants of the cross 
White Federation X Turkey C I 1558 There were grown also 296 
Fs rows of White Federation X Turkey C I 3055, 183 rows of Mar- 
tin X Turkey C I 1558, and 190 rows of Martm X Turkey C I 3055. 
The F2 plants from which these F3 rows were grown had been protected 
from bunt by seed treatment There were from 30 to 60 plants m 
each F3 low The classification of F2 plants on the basis of the 
behavior of them progeny in F3 rows is more reliable than classification 
m Fo. The F3 data are shown m Table 3 

The number of rows in the 0 to 5 per cent class were separated into 
those with no bunted plants and those with 1 to 5 per cent of bunted 
plants because of the special interest m the former. The nature of 
the distribution of White Federation X Turkey may be seen more 
readily from Figure 1. In each cross the number of rows under the 
three modes agrees satisfactorily with the 1:2:1 ratio Accepting 
the minima as they occur, the number of rows for White Federation 
X Turkey C. I. 1558 was 79.0:154 5:76 5 where the number ex- 
pected was 775:155:775 In the cross with Turkey C. 1. 3055 there 
were 64.5:155 0:76 5 where 74:148:74 were expected. The min- 
ima perhaps should not be thought of as representing with abso- 
lute accm-acy the divisions between phenotypes. The agreement 
between the two crosses is good, and the mmima faU practically at 
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the same points as those obtained in the cross with the second Hussar 
factor (J) In the latter case the first nunimum occurred at 17 5 and 
the second one at 67 5 per cent of bunt infection 

Table 3 — Dtsinbuiion of patent and Fz tows of the ctosses named into 5 per cent 
classes for bunt iniectwn, when grown at Dams, Calif , 1939 


Distribution of rows by percentage classes for bunt infection 


Parent or cross 

— 

0 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 


12 












11 

1 























b 












W hite Federation X Turkey C I 














155S 

27 

34 

10 

6 

4 

6 

9 

24 

31 

27 

21 

WhUe Federation X Turkey C I 












3055 

36 

19 

s 

3 

6 

17 

25 

28 

24 

19 

In 

Martin X Turkey C I looS 

73 

24 

29 

16 

12 

11 

6 

1 

3 

2 

2 

Martin X Turkey C I 3055 

89 

3S 

17 

16 

12 

4 

3 


2 


2 


D istribution of rows by percentage classes for bunt infection 

Total 

Parent or cross 











num- 











ber 


51-55 

56-60 

61-65 

66-70 

71-75 

76-SO 

Sl-85 

86-90 

91-95 

96-100 

rows 

Turkey C I 155S 










12 

Tiirkev d I 3055 . 










12 

White Federation ----- 

i 

1 



1 

8 


4 

1 

23 

Martin.- — - - - 










6 

White Federation X Turkey 0 I j 













1558 

17 

10 

6 

3 

6 

S 

9 

23 

13 

5 

299 

v’^Tiite Federation X Turkey C I , 












3055 i 


6 

2 

3 

2 

6 

17 

26 

16 

8 

296 

Martin X Turkey C I 1558 


1 

1 


2 






183 

Martin X Turkey C I 3055 


1 

1 


2 


1 


1 

1 

190 















Figube 1 —Distribution of F 2 plants on the basis of Fs rows of tbe crosses White Federation X Tur- 
key C.1. 1558 wheat (broken line) and White Federation X Turkey C I 3055 wheat (solid line) 
into 5 per cent classes for bunt infection 


Although the agreement between the two crosses is good, it is 
obvious that there is a higher percentage of bunt in the heterozygous 
Fs rows of the Turkey C I 1558 cross than m the Turkey 0. I 3055 
cross. The former had an average of 41.5 per cent of bunted plants 
and the latter 36.3. It will be recalled that the F 2 of White Federa- 
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tion X Turkey C. I 1558 produced 51 6 per cent of diseased plants, 
as compared with 40 4 in the Turkey C I 3055 cross The reason 
for the more frequent occurrence of bunt on heterozygous plants is 
not known definitely but it may be due m part to modifymg factors. 
In Table 1 Turkey C I 1558 was shown to be a little more susceptible 
to bunt than Turkey C I 3055. That small differences m the amount 
of bunt in resistant wheats may be due to the presence of modifymg 
factors has been shown in an earlier publication (2) If the higher 
percentage of bunt in heterozygous rows of White Federation X 
Turkey C I 1558 is due to the presence of modifying factors, the 
percentage of bunt in resistant and susceptible rows likewise should 
be ^gher. The resistant rows of the Turkey C I. 1558 cross have 
an average of 3.1 per cent of bunt as compared with 1 9 per cent for 
the Turkey C I 3055 cross, but the reverse is true for the susceptible 
rows The former cross had 84 per cent of diseased plants as against 
86.9 per cent for the Turkey C I 3055 cross The differences are 
not great and do not change the general conclusions that Turkey C I. 
1558 and Turkey C I 3055 dSer from White Federation in one 
main factor for resistance These factors are similar to each other 
m effect and also are similar m effect to the second Hussar factor. 
Investigations are under way to determine whether these factors are 
identical with each other and are the same as the second Hussar 
factor 

The data obtained from the crosses of White Federation with 
Turkey C I 1558 and Turkey C I 3055 demonstrate clearly that 
the factors for resistance to bunt m these two strains of TurkOT are 
Afferent from the factor m Martin Because the crosses with Martin 
were available, tbey^ were earned through the F3. The presence of 
bunt m F2 of Martin X Turkey C. I 1558 and Martin X Turkey 
C I 3055 and the presence of susceptible and segregating rows in 
Fa of these crosses (Table 3) confirm the conclusion that the Martin 
factor is not present in either of these strains of Turkey wheat. 

SUMMARY 

The bunt inoculum used in these experiments was derived from 
one original collection, designated by Reed as Physiologic Race III 
of Tilletia tntici 

Turkey C I 1558 and Turkey C I. 3055, the resistant parents, 
are very resistant to bunt as compared with White Federation wheat, 
which produced more than 50 per cent of diseased plants under the 
conditions of these experiments 

Turkey C. I 1558 and Turkey C I. 3055 were crossed with White 
Federation to determine the number of factors for resistance to bunt 
in these strains of Turkey and to find out the effect of these factors 
They were crossed with Alartin to see whether they contamed the 
Martin factor for resistance to bunt 

In the crosses with White Federation the classification of F2 plants 
on the basis of the behavior of their progeny in F3 rows showed that 
Turkey C I 1558 and Turkey C. I 3055 each differ from White 
Federation in one mam factor for resistance to bunt These factors 
are similar m effect to each other and resemble the second Hussar 
factor in that about half the heterozygous plants become infected 
Therefore, they differ from the factor for resistance to bunt in Mar- 
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till, winch IS completely dominant This point is confirmed further 
by the presence ot bunt in F 2 of crosses of Martin vnth. Turke^^ C I 
15oS and Turkey C I 3055 and by the presence of susceptible and 
segregating F 3 rows of the same crosses. 

Investigations are under way to determine whether or not the fac- 
tor in Turkey C I 155S is identical with the factor in Turkey C I 
3055 and the same as the second Hussar factor. 
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flowering behavior of the hog peanut in 

RESPONSE TO LENGTH OF DAY ' 

By H A Allard 

Senioi Physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agncultuie 

INTRODUCTION 

One of the most interesting wild plants of the flora of the District of 
Columbia is the legume known as the hog peanut, Falcata comosa (L ) 
Kuntze This plant grows best in rich damp soil in woods and 
thickets In the writer's garden, developed by reclaiming a magnolia 
bog, this plant has stubbornly persisted as a most troublesome weed 
In Gray's Manual of Botany it is stated that the hog peanut is a 
low and slender perennial This plant as observed by the writer at 
Washington, D C , is invariably an annual This observation agrees 
with that of Adeline F Schively,^ who made a very careful study of 
its flowermg behavior many years ago in Pennsylvania 

KINDS OF FLOWERS NORMALLY PRODUCED IN THE WILD STATE 

IN SUMMER 

In many respects the flowermg behavior of the hog peanut is 
unique The production of flowers and seed is especially striking, 
since it is usual for the plants to produce each season flat aerial pods 
vuth small dry seeds, and m addition mdehiscent subterranean pods 
with large fleshv seeds of distinctive character 
In the course of the season the hog peanut normally produces 
several types of blossoms, rangmg on the one hand from strictly open, 
showy blue or whitish chasmogamic blossoms in small aerial racemes 
to strictly cleistogamic blossoms, some of which, on the tips of long 
slender stems, bury themselves m the upper layers of the soil and 
produce the true hypogean beans of the large fleshy type 
Among the more distinct forms of floral expression m the blossoming 
senes several may be mentioned The showy colored chasmogamic 
blossoms of midsummer, which develop as aerial flowers from the 
uppermost branches of the plant, appear to be the fully developed 
blossoms of the species From the higher branches of the plant 
aerial greenish cleistogamic blossoms are likewise produced Both 
types of aerial blossoms produce small, dry, dark-colored aerial pods 
\nth one to three small hard seeds The shovy perfect flowers appear 
only during the midsummer season Plants grown in the greenhouse 
in winter never produce the blue showy type of flower, but greenish 
cleistogamic flowers develop and form small thm orbicular pods 


1 Received for publication July 14, 1931, issued March, 1932 

• [Gray, A ] gray’s new manu vl of botany a handbook of the flowering plants and ferns 

OF THE CENTRAL AND NORTHEASTERN UNITED STATES AND ADJACENT CANADA Rearranged and e\t leV 
by B L Robinson and M L Fernald Ed 7, 926 p,illus New York, Cincinnati [etc ]- 1908 (See 
p 530 ) 

3 SCHn-ELY, A E contributions TO THE LIFE HISTORY OF AMPHICARPAEA MONOICA Penn UniV 
Contrib Bot Lab , 1 270-363, illus 1897 

RECENT obser\ations ON AMPHICARPAEA MONOiCA Penn Univ Contrib Bot Lab , 2 20-30 
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The^e are ereii smaller, more orbicular, and less ob^aously stalked 
than the pods produced the similar greenish cleistogamic summer 
flowers 

In addition to the aerial cleistogamic flowers of summer and winter, 
long filiform stems bearmg at their tips extremely reduced cleisto- 
gamic blossoms are formed These normally push beneath the soil 
and produce the large fleshy subterranean beans These beans are 
produced veiy abundantly under specific conditions during the entire 
summer and likewise constitute the common form of floral expression 
on winter-grown plants 

It would appear that the entire series of flowers merely represents 
more or less distinct gradations of floral reduction from the normal 
showy colored blossoms to the merest rudiments found in the most 
extremely reduced hypogean forms So complete can this floral 
reduction become that even the number and size of the stamens and 
the stigma itself are affected In the strictly subterranean flowers 
there is little indication of the normal elongate style, and the capitate 
stigma seen m the blue flowers is entirely wantmg 

The fact that several types of flowers and beans are normally 
produced m a rather defimte sequence throughout the season led 
Schively to investigate the behavior of the plant for the purpose of 
determinmg the factors responsible for these reproductive differen- 
tiations. Her observations and work make a very interesting con- 
tribution to the unique behavior of this wild bean ; but smce at the 
tune of her mvestigations nothmg was known of the length-of-day 
responses of plants, she failed to recognize any specific response that 
could be attributed to definite quantitative conditions of the seasonal 
environment. 

SEASONAL RELATIONSHIPS OF FLOWERING 

Consideration may now be given the seasonal relationships of 
flowering and the normal sequences observed for the production of 
the several^ types of flowers frorn the time the beans first germinate 
in late April until the plants die in autumn 

In a locality where the hog peanut grows abundantly a heavy crop 
of viable hypogean seed is usually produced These are actually 
self-sown, as the blossom-tipped axillary runners bury themselves 
wherever possible in the uppermost soil layers and these yield a, crop 
of hypogean beans Plants may arise from the smaller aerial seed, 
but the viability and germination of these seeds from aerial blossoms 
seem far less positive 

Toward the last of April certam areas of the writer’s garden are 
covered with thick stands of young hog-peanut plants arising from 
the abundant hypogean beans buried in the soil The cotyledons of 
the hog peanut, u^ike those of the soybean or the common garden 
beans, remam buried beneath the soil As the young plants grow m 
May and June, a tangle of competing vmes is produced, and the strug- 
gling plants become more or less vigorous chmbers when they find at 
hand supporting weeds and shrubbery 

^ In mid June or early July, slender, drooping filiform runners some- 
times appear, arising even from the shoots that develop from the 
cotyledonary a^s beneath the soil. From the time these first 
runners with their extremely rudimentary flowers are developed 
runners are produced in abimdance from the aerial leaf axils until 
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the end of the season, or as long as the plants remain in a vigorous 
growing condition There is considerable individual variation, how- 
ever, in the time of first appearance of these filiform stems with their 
cleistogamic flowers On some plants their appearance is delayed as 
late as the last week of July or early August This behavior is not 
anomalous, however, for the normal field assemblage, not havmg 
undergone rigorous natural selection for particular degrees of earliness 
or lateness, would be likely to include mdividuals of rather wide 
variability in this respect 

Several weeks after the filiform runners \vith the hypogean type of 
blossoms appear, aerial flowers, either greenish and cleistogamic or 
perfect and bluish colored, usually make their appearance Schively ^ 
states that the aerial cleistogaimc flowers do not appear until the 
showy blue aerial flowers are m evidence This is not an invariable 
sequence, however, for the writer has observed that the greenish, 
more reduced cleistogamic aerial flowers have occasionally preceded 
a little the showy aerial ones, sometimes making their appearance 
durmg the first week of August, while the blue flowers did not appear 
until about August 20. Near the middle of August the blue aerial 
flowers appear either singly or in racemes 

WINTER FLOWERING IN THE GREENHOUSE 

Naturally the winter type of aerial cleistogamic blossoms must be 
confined to artificially grown greenhouse material. However, it 
would appear that this type of flower is m some respects only a more 
reduced and rnore rudimentary floral structure than that produced 
by the plants in summer, when growth is favored by conditions of 
better illumination, long days, and perhaps more favorable moisture 
and temperature conditions. There is reason to believe that the 
winter type of cleistogamic flovrer and the resulting legume are but a 
near approach to the more extreme hypogean type produced upon the 
filiform runners. This is evidenced by the more extreme reduction 
in certam features of the style and stigma, and in the smaller, more 
orbicular pods, that, like the hypogean pods, usually contam but one 
seed. 

RESPONSE OF THE PLANTS TO LENGTH OF DAY IN SUMMER 

In 1925 and again in 1930 studies were made of the response of the 
hog peanut to different lengths of day These studies have afforded 
a clearer understanding of the normal field behavior of the plant in a 
wild state They have also suggested reasons for some of the floral 
differentiations and apparently established floral sequences through- 
out the season 

Tiny plants which had germinated from hypogean beans m late 
April and early May 'were taken from the wild state and planted in 
buckets These were subjected to the following senes of day lengths 
5, 8, 10, 12, 13, and 13K hours and the full length of day of summer 
at Washington, D. C., i. e , 14 hours and 54 minutes from sunrise to 
sunset. In one test the plants were darkened from 10 a m. to 2 
p. m. each day. 

Filiform ruimers bearing extremely rudimentary flowers were soon 
produced on plants under all lengths of day except the controls (full 


* Schively, Adeline F Op cit , p 325 (See footnote 3 ) 
107319— 32 3 



130 


Journal oj Agricultural Research, 


Vol 44, No 2 


(lav ! and the plants darkened in the middle of the day. In experi- 
ments carried out m 1930 ^nth the different day-length treatments 
beginnmg Alay 2, filiform stems appealing May 29 reached the 
following lengths on June 2: 

^ ^ Inches 

S hours dajiight 5 

10 hours daylight 4 

12 houis daylight 

13 hours 

13^2 hours da 3 'iiglit 

Closed aerial flowers appeared on plants growing under the short- 
ened day lengths on the following dates On the 8-hour, 10-hour, and 
12-hoiir‘^daTs, June 10; 13-hour day, June 12; 13K-hour day, June 14 
(Fig 1 ) 

Shoyw, bluish, completely developed flowers appeared only on the 
plants experiencing a day length of 13^/^ hours and the full length of 
day On the plants exposed to a 13}2-hour day the flowers appeared 
on" June 23 but on those exposed to full length of day the flowers did 
not appear until August 12. At no time during the season did the 
plants darkened in the middle of the day produce the showy bluish 
type of flower. 

Fihform stems began to develop on these plants and on the control 
plants simultaneously on July 22, followed somewhat later by the 
closed aerial greenish cleistogamic flowers 

Figure 2 affords a comparison of plants grown under different 
lengths of exposure to dayhght 

These tests and earher experiments conducted m 1925 indicate that 
the length of day exerts an immediate and profound influence upon the 
type of blossoms produced by the hog peanut 

It is evident that an appropriate length of day not only controls 
the type of floral expression but also completely changes the normal 
sequences of flowenng behavior as usually observed m wild plants in 
the field Lengths of day of 13 hours or less have favored a rapid 
development of apllary fihform stems bearing the extremely reduced 
hypogean type of blossoms A length of day of not less than 13K 
hours was reqmred to produce theperiect showy aerial type of blossoms 
The green cleistogamic summer type of blossom appears to represent 
an mtermediate form not far removed from the showy flowers, smce 
they are normally produced on the control plants very near the time 
when the showy blossoms themselves appear These showy floweis, 
representmg the typical fully developed blossoms of the hog peanut, 
are obviously favored by the longer midsummer day obtaining m 
this region. 

The extremely rapid growth and excessive production of filiform 
stems bearing the hypogean type of flower is a remarkable response 
of the plants to the shorter lengths of day Day lengths of 13 and 
13K hours were especially favorable to the growth of these runners 
or stolonlike stems, as shown m Figures 1 and 2 This excessive 
runner growth was coincident 3vith a more rapid and vigorous growth 
of the plants themselves in leafibaess and in stature It would appear 
that the greatest reduction toward a rudimentary condition in the 
normal flower accompanied the condition of most excessive vegeta- 
tive growth. As a matter of fact, these filiform runnerlike stems 
represent extreme attenuations of aerial stem growth bearing title 
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Figure 1 —Hog peanut grown under a 10-hour day, beginning April 28 Only greenish aerial 
flowers and filiform stems bearing hypogean flowers were produced Closed flowers appeared 
June 10 Filiform stems appeared somewhat earher Aerial pods and small seeds are shown, 
and likewise the hypogean pods with their smgle large fleshy seeds, some of them still attached 
to the underground runners The slender stems at the right represent runners from aerial leaf 
axils and show the extieme reduction of the leaves and the mmute rudimentary flowers at the 
tips (Photographed August 10 About one-half natural size) 
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inflorescence, and the leaves are greath’ reduced until oftentimes they 
are repiesented by mere stipules Upon these excessively active 
grovnng floral stems, which may reach 6 feet or more in length, 
usually sohtary flowers are borne at the tips 

A striking feature of tins phase of sexual expression in the hog 
peanut is the localization of extremely vigorous growth energ}^ m the 
runners bearing the hypogean type of flowers It would seem that 
the axillary branches are suddenly stimulated to become more or less 
specialized inflorescence branches given over almost entirely to sexual 
reproduction It is now well known that when many plants with a 
distinct vegetative stem, as in the case of the cosmos, are forced into 
flowermg by suddenly reducing the length of day, the reproductive 
cycle IS estabhshed by a marked elongation of the ternunal inflo- 
rescence stem and branches In these plants, however, with a more 



Figure 2 —Hog peanut grown under different day-length treatments Tests began with wild 
plants taken from the field grown from naturally sown hypogean seed May 6, photopaphed 
June 18 Left to right Controls, expenencmg the full summer day, 12-hour day, 13-hour day, 
13J4-hour day, darkened from 10 a m to 2 p m each daj The greatei abundance and length 
of the filiform stems beaimg the hypogean type of flower is well shown on the plants evposed 
to a 13-hour and a 13H-hour day At this time the controls showed no flowers of any foim 
whatever 


or less stncly termmal inflorescence, although there may be a reduc- 
tion of the true foliage leaves to the condition of mere bracts, there is 
no noticeable reduction of the flowers themselves to a rudimentary 
condition The behavior of the hog peanut is probably comparable 
to this,^ since a favorable length of day stimulates a similar marked 
elongation of the mflorescence branches, w’’hich arise from nearly 
all of the older leaf axils So marked is the response toward repro- 
ductive vigor, however, that the weak floral stems develop extremely 
long mternodes and become leafless, and the flowers themselves 
undergo extreme degeneration to the merest rudiments m comparison 
with the normal perfect showy blossom 

Coincident with the rapid growth of the axillary filiform stems 
beapng the reduced cleistogaimc flowers, the hypogean pods develop 
TOth great rapidity. It is evident that the plants have transferred 
their energies to these long reproductive stems, with a rapid mobili- 
sation of material in all those beans that have a hypogean environ- 
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menfc This veiy rapid growth of the axillary stems producing the 
hypogean type of flowers does not exert any unfavorable action upon 
the fertihty of the hypogean beans, for these are usually more viable 
than the small aerial beans and from the outset produce larger and 
more vigorous plants This behavior of the hog peanut is similar 
to that of a number of other plants that regularly produce con- 
spicuous or chasmogamic flowers and cleistogamic flowers In the 
case of Poly gala polygama Walt and P pauajlora Willd the chas- 
mogamic flowers are very uncertain m the production of seed, while 
the cleistogamic flowers produce seed in abundance. 



Figure 3— Winter-grown plants of the hog peanut obtained from seed of aerial legumes sown 
October 31, 1930, m the gieenhouse, germinated Novembei 30, and photogiaphed January 26, 

1931 Plants at right weie exposed to light turned on each day fiom sunset till midnight The 
controls at left experienced the normal seasonal length of day and produced the hypogean type 
of cleistogamic flower Aerial flowers of the greenish cleistogamic wmtei type which developed 
pods were also m evidence January 8 

RESPONSE OP THE PLANTS TO ARTIFICIAL LIGHT IN WINTER 

Experiments have been carried out during the winter with artificial 
light (Figs 3 and 4 ) The plants were grown from the small dry 
seeds of aerial pods which were sown October 31, 1930, and gerimnated 
November 30 Four plants were grown in a bucket. Beginning 
December 17, a 100-watt light with reflector 1 foot above the plants 
was kept on from simset until midnight each day These plants 
were stimulated to grow rather vigorously, and became twiners A 
few weak filiform stems were m evidence December 19, bearing the 
rudimentary hypogean type of cleistogamic blossom, but none ap- 
peared to produce seed At no time was there any evidence of aerial 
flowers, both the greenish winter type of cleistoganuc flower and the 
perfect blmsh blossoms being entirely suppressed. 
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The controls experiencing the normal \nnter day throughout the 
experiment developed filiform stems bearing the reduced hypogean 
type of flower In addition a number of aerial flowers of the greenish 



Figure 4 —Plants of the hog peanut of the winter type, giown from aerial seed The olant at 
the right grown with the addition of artificial light each day Only filiform tvoe^f stem 
developed, all aerial forms of blossoms bemg suppressed No 
pods had developed on tb^e filiform stems when photographed Januaiy 26, 1931 At the left is 
grown without the addition of artificial light to supplement the wmter length of 


cl^togaimc type were produced, from which developed the gmaH 
orbicular, mostly 1-seeded type of aerial pods charactenstic of winter- 
grown plants. 
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The weak development of filiform runners on the plants subjected 
to aditional electric light at sunset appears to have resulted from the 
delay m beginning the experiment The plants had grown 17 days 
from geiniination before the normal length of day had been extended 
by electric light It would appear that the additional light had 
stimulated the plants grown from aerial seed to greater vigor, com- 
parable to that shovrn at the outset by plants grown from hypogean 
beans. 

In a second test hypogean beans were dug from the soil m the 
writer’s garden and planted in pots January 19, 1931 On Januar3' 
30, when these had come up, one bucket contaimng six plants was 
placed beneath a 100-watt light, which was kept on from sunset till 
midnight Axillary filiform stems did not develop, but instead short, 
thick vegetative stems appeared. The controls produced long, 
axillary stems, which appeared on February 11 and grew vigorously 

DISCUSSION 

Fiom the data presented it is obvious that, other conditions being 
umforni, flowering in the hog peanut may be very largely controlled 
b}" the length of the day to which the plants are exposed It would 
appear that in the field the usual sequences of flowering with respect 
to the type of blossoms produced are controlled more or less by the 
normal seasonal changes m the length of day from spring until autumn 
Experiments with constant lengths of day indicate that filiform stems 
bearing rudimentary hypogean flowers are stimulated to appear under 
day lengths as low as 5 hours, and continue to develop through an 
increasing series up to at least 13 K hours At some point between 
13}^ hours and 15 hours, which is the maximum length of day in the 
locality of Washington, D C , it would appear that the days may 
become too long for an immediate production of this type of inflo- 
rescence This is shown by the fact that control plants did not begin 
to produce filiform stems until July 22, while plants exposed to a 
constant day length of 13K hours began to produce them with great 
vigor by May 29 

The greemsh cleistogannc aenal flowers may somewhat precede 
the blue aerial flowers, or they may appear after the latter have 
developed In some of the experiments these closed aerial flo'wers 
appeared August 12, while the blue flow’ers appeared August 20 In 
the field the blue aerial flowers usually appear in late July or in August, 
to be replaced later in the summer by the greemsh aerial cleistogannc 
flowers The latter apparently represent a response to shorter 
lengths of day than are favorable to the production of the blue 
aerial type 

It appears that the hypogean beans are more abundantly produced 
than the aerial legumes The former not only germinate with much 
more certainty but actually produce more vigorous seedlings These 
facts would indicate that the perpetuation of the species is more de- 

f )endent upon the hypogean seed than upon seed developed in aerial 
egumes The rapidity of development of the hypogean seeds, which 
appears to be associated with the extremely lapid growth of the fili- 
form runners bearing them, is an additional accomplishment of value 
to the species, since it allows an abundance of seed to be produced 
late m the season at a time when rapid development is most needed. 
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Since the iiypogean beans can be produced under very short lengths 
of day, it is obvious that the plant need not depend upon the more 
uncertain aenal beans for reproduction, even in regions where strictly 
aerial flowers are not able to set seed It is probably true that the 
smaller and extremely hard, dry, aenal beans are better adapted to 
distribution, perhaps" by bnds or other agencies, than the larger, 
softer, self-planted terrestrial beans From the fact that these can 
develop under very short lengths of day, even as low as five hours, 
it is obvious that" the capacity to pioduce hypogean beans alone 
would favor the natuial distribution of the hog peanut into lower 
latitudes far southward As a matter of fact, its known distribution 
extends from New Brunswick and Minnesota to Nebraska and south- 
ward to Florida and the Gulf States 

It may be remarked that the flowering behavior of the hog peanut 
is quite "comparable to that of the cultivated peanut {Arachis hypo- 
gaea L ). In the case of the latter, however, only those blossoms that 
can push themselves under the soil produce hypogean legumes or 
pods Showy aerial flowers may anse from the higher leaf axils, 
but these never produce aerial pods as in the case of the hog peanut 

A number of familiar wild plants have a common habit of producing 
cleistogamic flowers vuth a more or less definite seasonal incidence 
Among these are Venus lookingglass (Svecularia perfohata (L ) A. 
DC.), many violets, certain species of Oxmis, which regularly develop 
special subterranean stems late m summer, Polygala polygama, and 
the beautiful F pauctflora, Beechdrops {Leptammum mrginianum 
(L ) Rab ) likewise develop chasmogamic and cleistogamic flowers 
at rather defimte times diumg the season In practically all the plants 
mentioned, the conspicuous or chasmogamic flowers may be entirely 
sterile or produce seed only occasionally. As a rule the cleistogamic 
flowers are highly fertile. 

As in the case of the hog peanut, it will probably be found that the 
behavior of many wild plants such as those mentioned, expressing 
itself m tne production of several types of flowers, varying from the 
conspicuous chasmogamic forms to the extremely reduced cleisto- 
gamic forms, represents defimte responses to varying lengths of day 
To say the least, length of day should now be looked upon as one of 
the seasonal factors which can in some instances exert a profound 
influence not only upon the initiation of flowering itself but upon the 
type of flower and inflorescence produced. 

SUMMARY 

Experiments have been^ earned out with the hog peanut {Falcata 
comosa (L.)^ Kuntze), giving it regulated exposures to daylight by 
means of suitable daik houses to exclude the daylight of early morn- 
ing and late evemng Response to these conditions indicates that 
the blue aerial perfect flowers can develop only when the days are 
not less than 13 K hours long. The greenish aerial cleistogamic 
flowers can develop under all day lengths ranging from 5 to 13K 
hours. Control plants (exposed for full day) usually did not develop 
any^ form of aerial flower until late July or August. The extremely 
rudimentary cleistogamic type of flower borne on the slender, filiform, 
neaiiy leafless stems and giving rise to hypogean pods was able to 
develop under all lengths of day from 5 hours up to 13)2 hours 
It is evident that the upper limit inhibiting this development lies 
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somewhere between 13}^ and 15 hours, the maximum length of day 
of the Washington region This is indicated by the fact that control 
plants did not produce these hypogean flowers until late July or 
early August 

The use of weak electric light to supplement the short days of 
winter from sunset until midmght inhibited the development of the 
Avinter form of aerial cleistogamic flowers It did not entirely inhibit 
the development of filiform stems bearing the extremely rudimentary 
hypogean flowers when tne additional light was withheld until 17 days 
after germination In this instance no hypogean beans developed, 
and the filiform stems finally died In a later test, when the addi- 
tional light was afforded the plants from germination, the develop- 
ment of fihform stems was entirely inhibited 

In the field length of day seems to operate m fixing the more or 
less regular seasonal incidence of the several forms which appeal to 
be derived from the normal blue flow^ers of the species, by gradations 
of reduction of the floral structures until the extreme hypogean type 
is attained 

These responses under controlled conditions indicate that the sea- 
sonal factor of length of day must be considered a potent influence m 
deteimimng the land of floweis that the hog peanut will produce 
While the form of the hypogean bean is determined entirely by specific 
conditions associated with a soil environment, a specific length of 
day determines the particular type of axillary stem growth and geo- 
tropic behavior that will allow the rudimentary flow^eis to attain this 
particular emdronment. 




THE DOWNY SPOT DISEASE OP PECANS ' 

Bv J B Demareb, Pathologist, and J R Cole, Associate Pathologist, Division of 
’'Horticultural Crops and Diseases, Buieau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

In 1927 Boyd^ reported observing in southern Georgia a new foliage 
disease of the pecan {Hicoria pecan Brit ) and suspected that the causal 
fungus was a species of either Cyhndrosponum or Cercosporella The 
same year Demaree and Cole^ published a short description of the dis- 
ease and considered the causal organism identical with Cyhndrosponum 
caryigenum Ell and Ev This fungus was first reported by Ellis and 
Everhart^ from specimens of H, cordiformis (Wang ) Brit. {Carya 
amara Nutt ) collected by John Dearness near London, Ontario, in 
1889. The fungus was later transferred to the form genus Cercospo- 
rella by Hohnel® The discovery of the perfect form, recorded in 
this paper, has compelled a change of the generic name, the name of 
the fungus now becoming, as will be shown, Mycosphaerella caryigena 
(Ell and Ev ) n comb 

The disease was not noticeably abimdant in southern pecan orchards 
in 1926, but the following year it became epiphytotic m restricted 
areas m southern Georgia and northern Florida "in 1928 it was less 
widely distributed, but probably was more abundant than m 1926 
Because the disease is not a conspicuous one and is not especially 
destructive in Georgia, it may have been present there in pecan 
orchards for a number of years without being recogmzed as a distmct 
disease Since 1926 it has been found over a large area in the south- 
eastern part of the Umted States, including portions of Georgia, 
Florida, Alabama, Mississippi, Louisiana, Arkansas, and Texas, and 
furthermore it has been found to be more destructive in restricted 
localities of the drier regions of Lomsiana and Texas than elsewhere 

ECONOMIC IMPORTANCE 

Since the disease has been under observation only a comparatively 
short time, its future economic importance can only be conjectured. 
There was a marked deficiency of rainfall m southern Georgia during 
the season of 1927, the year of the greatest observed prevalence of 
the disease, and future observations may show some association 
between its prevalence and a weakened condition of the trees caused 
by a deficiency of soil moisture, soil fertihty, etc 

Observations made so far indicate that the disease may be a diffi- 
cult one to control should it later prove to be destructive It devel- 
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oped unabated in 1927, 1928, and 1929 in oirliards where Join and 
SIX applications of 20 per cent monoliydral ed eojipei sulphate and SO 
per cent lime dust were used for the control of i)ecan scab As far 
as the writers arc aware, no expcriincnts liave been (‘ondiieted with 
the primary object of controlling the disease, but obscu'va lions on 

control liav(' lieen made in s|)raying 

— — I (.(„)0u(’|.('d for iJie coni rol 

of other pecan disease's 

The fungus invasion does not kill 
the adected leaf tissue's at first, bu(> 
apparently it doe's elestre>y the eddo- 
rophyll in the alfecteel areas, judging 
from the change of color from green 
to yellow Consequently, nuinereuis 
infections undoubtedly result in rev 
duced photosynthesis. The eliscase^ 
has never been known to caaise', elofoli- 
ation during the summer, but baelly 
affected leaves ordinarily fall earlier 
than healthy ones 

There is some differoiUH'- in t he sus- 
ceptibility of pecan vaiaelies to para- 
sitism by the fungus. The Dehnas 
variety has shown greater sus(’C|)ti- 
biUty than others This varudy, how- 
ever, formerly much planted, is not 
now considered commercially valuable 
within the region in which downy spot 
has been found, on account of its sus- 
ceptibility to another pecan disease, 
pecan scab. The Moneymaker and 
Stuart, both important commercial 
varieties, rank next in sucoptibility to 
downy spot Of the other widely 
planted varieties the Frotsclier has 
exhibited moderate susceptibility, 
while Schley, Alley, Success, aild 
Pabst seem to be quite rcsistanf., 

DESCRIPTION OF THE DISFASM 

The disease first apj)cars on young 
pecan leaves during la.t(i spung or 
early summer. The first jiuinifestii- 
tion is the appearance of small, faintly marked, whitish spo(.s on f lu' 
underside of the leaves These spots are made up oi numerous mi- 
nute clusters of conidia issuing from the stomata Th(3 (^onidia mo 
produced in great numbers from each stomatal opeiimg ou aflVe-f c'd 
areas, and as the clusters enlarge they unite, forming distiiud \vhit,(' 
spots from 2 to 5 mm in diameter (Fig 1.) The a<‘tion of <1<'W 
sometimes spreads the conidia over or to one side of the allVc'tt'd 
host tissues as a thm white layer Heavy rams wash away tlic^ eoni- 
dia, leaving only slight e\ddence of the affected spots. At first, iho 
host tissues show httle or no discoloration as a result of tlu 3 para- 





Figure 1 —White spots on the dorsal sui- 
face of a pecan leaflet, formed by the coni- 
dia of the downy-spot fungus 
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sitism As tho infections become older the affected tissues turn yellow 
or light brown and are discernible also on the upper side of the leaves. 
The signs of the disease are never especially conspicuous after the 
conidia disappear The white spots, while not permanent, furnish the 
most striking and descriptive sign of the presence of tho pathogene. 

On account of the yellow spots formed by the invasion of this 
Corcosporella, Boyd gave to the disease the name yellow leaf spot. 
Since the puncture of the pecan black aphid {Myzocallis fum%pennell%s 
Fitch) causes an oven more conspicuous yellow spotting of pecan 
leaves, the writeis feel that the name yellow leaf spot would" frequently 
be confused with the effect of the aphid punctures, and therefore they 
suggest the name downy spot disease 

THE CAUSAL FUNGUS 

CONIDIAL STAGE 

The mycelium, although abundant, is confined principally to the 
spongy parenchyma tissues, but penetrates slightly into the palisade 
region The hyphae seem to bo intercellular only During the early 
stage of the development of the fungus, subepidermal stromata are 
formed immediately below stoma tal openings lying within infected 
areas From the subepidermal stromata strands of hyphae extend 
through the stomatal openings (fig. 2, A) and form ectodermal 
stiomata, from which numerous conidia are produced. There is 
some evidence that decumbent hyphae are formed from the outer 
stromata, fiom which conidia are also produced The conidia are 
hvaline, mostly sickle shaped, pointed at the apex, and 2 to 3 septate. 
(Fig 2, B ) Definite conidiophores have not been demonstrated. It 
is certain, however, that if the conidia are not sessile they must be 
formed on very short stalks 

Through the kindness of John Dearness, a cotype collection of 
Oyhndrosporium caryiqenum was examined by the writers The 
conidia of thc^ Canadian hickory specimens^ are formed from tufts 
of hyphae issuing from the stomata as described above for the form 
on the pecan, and there is no morphological difference between the 
conidia of the two forms except that those on tho hickory are slightly 
smaller. Ellis and Everhart reported dimensions of conidia in the 
Dearness collection a,s 25/^ to 40/^ by 3 /j, and Hohnel reported them as 
25/^ to 4r)ju by 2/^ to 3/^ Conidia from the pecan range from 25jLt to 
55iu by djw to 7/1, being slightly longer and wider than those on the 
hickory. 

PYCNiniAL STAGE 

During late summer small conical pycmdiumlike structures (fig 
2, D), 43/1 to 50/1 wide, form on the affected tissues that produced 
conidia earlier in the summer. These bodies are at first subepidermal 
and brown, but turn very dark brown or black after they break 
through the epidermis. The body wall is two to three cells thick. 
These structures are filled with minute rod-shaped, sporelike bodies, 
which escape through either a circular pore or a narrow slit. ^ These 
bodies, which may" be considered as pycnospores, microconidia, or 
spermatia, are hyaline and nonseptate. Kepeated attempts to induce 
them to germinate in water have given negative results. 
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Figuee 2— Comdial and ascigerous stage of the pecan downy spot fungus, AJycO” 
sphaerdla caryiqcm A, Cross section of pecan leaflet showing stromata above and 
and below a stoma connected by hvphae, X ^500 B, Conidia, X MO C, Germi- 
natmg eonidium, X 440 D, Pycnidium containing sporehke bodies, X 500 E, 
Pecan leaflet showing distribution of penthecia, X h F, Cross section of a 
mature perithecium, X 650 G, Greath enlarged ascus, X 800 H, A seas show- 
ing shape and arrangement of spores after elongation, X SOO I, Enlarged asco- 
spore, X 1,500 J, Germinated ascospoie X 850 
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PERITHECIAL STAGE 

Priinordia of porithecia develop among the pycnidia during the 
latter half of the summer or early fall. These bodies are at first 
similar to the pycmdiai in color and shape, but are larger and have 
either a fiat or a rounded top 

The perithecia may develop m groups or m irregular rings surround- 
ing the infected host tissues that pievioiisly produced Cercosporella 
conidia (Fig 2, P] ) Those formed on the periphery of areas that 
produced conidia arc larger than those found directly upon the 
lesions Tf numerous infections of the Cercosporella stage appeared 
on the leaves during the previous summer, the perithecia develop 
more or less umfonnly over the entire lower surface of the affected 
leaves The primoidiiim of the perithecium appears first as an undif- 
ferentiated mass of hyaline fungus cells devoid of any evidence of a 
perithecial wall The perithecial wall, which is formed during a later 
stage in the development of the fruiting body, is composed of several 
layers of thick-walled cells The ostiole is a mere opening without 
any suggestion of a beak (Fig 2, F ) Mature asci have been 
found on fallen leaves during March and April m orchards in southern 
Georgia, but asci developed more rapidly on leaves that were brought 
into the laboiatory during early winter and placed in moist chambers. 

The asci are hyaline, short, thick, and slightly clavate, and are 
pa-cked closely within the perithecium When removed from the 
pcnthecium and placed in water for microscopic examination they 
frequently elongate to twice their original length, or more (Fig 2, 
FI ) Prior to this elongation of the asci the eight spores are packed 
closely within the confines of the ascus wall (fig 2, G), but after 
elongation the s])ores rearrange themselves so as to occupy uniformly 
the increased space formed The spores are liberated through a pore 
at the apex of the ascus after elongation of the ascus takes place 
They are hyaline, 1 septate, and the two cells are slightly unequal 
in size (Fig 2, I ) The smaller cell of the two points toward the 
base of the ascus 

PATHOGENICITY AND RELATIONSHIP OP THE DIFFERENT FORMS 

The discovery of ])crithocia and ascospores on fallen pecan leaves m 
districts wheiv. Cercosporella caryigena was prevalent during the 
previous summer suggested a possible relationship between the two. 
PiTmordia of perithecia were observed developing on lesions caused by 
(I caryigena during late summer prior to leaf fall Development of 
these primordia was followed through to maturity by frequent macro- 
scopic and loose-mount examinations and by the aid of stained slides 
made at intervals during the development of the perithecia 

During the fall of 1927 pecan leaves were collected from a locality 
where the downy spot disease was abundant At the same time 
other leaves were collected in a difierent orchard where the disease 
was not found. Both lots of leaves were kept out of doors during the 
winter in a coldframe covered with wire netting. When they were 
examined the following spring it was found that the collection of 
leaves bearing lesions of Cercosporella caryigena pioduced abundant 
perithecia of the type described herein, and those leaves not having 
lesions of C, caryigena produced no perithecia of that type. 
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Artificial cultures made from ascospores make a growth indis- 
tinguishable from that made from comdia of Cercosporella carynjena 
Furthermore, similar comdia are produced in cultures made from either 
ascospores or comdia isolated from leaves The pycnidia nre consid- 
ered to be related to the other two spore forms because of their frecpient 
presence on lesions caused by the comdial stage, and because they 
are commonly produced m artificial cultures originating from either 
ascospores or comdia 

To obtain further evidence of the relationship of the perfect foim 
to Cercosporella caryigena, inoculation experiments were made The 
following series of experiments were conducted in a locality where tlie 
Cercosporella was not abundant. 

1 Ascospores were collected by inverting plates of agar about 
2 to 3 mm above leaves containing mature ascospores lying on moist 
filter paper. The spores were discharged on the surface of the agar 
and allowed to germinate Blocks of agar containing the germinating 
spores were removed from the Petri dishes and placed on the under 
surface of young pecan leaves 

2 With the aid of a binocular microscope mature penthecia were 
removed from the leaf tissues, crushed, and placed in a watch glass 
containing about 10 c c of distilled water ^ A medicine dropper was 
used to place the inoculum suspension on the under side of young 
leaflets 

3 Comdia taken from the successful inoculations of Nos 1 and 2 
were planted on agar plates and allowed to germinate Blocks of 
agar with the germinating conidia were placed on young leaflets of 
the Moneymaker variety 

4. Comdia in water suspensions were applied to the under surface 
of young leaves with a medicine dropper 

One hundred inoculations were made in each series Inoculated 
leaflets were inclosed in paraffin paper bags for a period of 24 hours 
All inoculated leaflets were tagged and marked with powdered white 
crayon No natural infection was found in experimental trees until 
after August 1, and not more than 1 per cent of nomnoculated leaves 
were infected after that date The results are set forth in Table 1. 

Table 1. — Results of tnoculation of pecan leaflets with comdia of Cercosporella 
caryigena and the associated perfect stage ® 


Inoculum 

Date of 
inocula- 
tion 

Datciec- 

ord 

taken 

Niinibcn 
of mocu- 
latioiis 

Germinated ascospores in cubes of agar 

Do 

Apr 28 
May 7 

rtn 

June 16 
June 25 

dn 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Macerated penthecia m water suspension 

Germinated ascospores m cubes of agar 

Do 

June 1 
June 10 
.».do 

July 10 
July 20 
do 

Macerated penthecia m water suspension i 

Germmated comdia m cubes of agar, onginatmg from mfeetions 
by ascospores 

July 15 
July 20 

Aug 1 

Aug 20 
Aug 30 

! Sept 15 

Do - 

Comdia m water suspension, taken from successful ascospore 
moculations 



Nninboi 
of infoc- 
tions 


21 

27 

5 

r)5 

43 

10 


03 

30 


« The moculations reported were performed by the junior writer neai Shioveport, La 


Of the 600 ascosporic inoculations made, 181 resulted in infections 
typical of Cereosporelh caryigena A period of six to seven weeks 
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was required from the time the inoculum was applied to the leaves 
until Cercosporella conidia were produced Comdia that developed 
from ascosporic inoculations were used as the inoculum for subse- 
quent experiments, which in turn produced Cercosporella conidia. 
The laigcst percentage of successful inoculation’s resulted from germi- 
nated ascosporcs and comdia in agar Inoculations from macerated 
perithecia gave a low percentage of infection, but no infections re- 
sulted when the inoculum consisted of conidia m water suspension 

As a result of the cultural and inoculation experiments, the rela- 
tionship of the Cercosporella stage and the Mycosphaerella stage is 
proved, and both aic shown to be pathogenic 

TAXONOMIC POSITION AND TECHNICAL DESCRIPTION 

The characters of the ascigerous stage of this fungus correspond to 
those of the genus Mycosphaerella as described by Johanson, to which 
genus this fungus is assigned Apparently there has not been de- 
scribed a Mycospliaerella on the pecan or other species of Hicoria that 
IS morphologically identical with this one, and since it has proved to 
be connected with Cercosporella caryigena (Ell and Ev.) Hohnel, it 
may appropiiately be given the name Mycosphaerella caryigena with 
the following dosciiption* 

Mycosphaerella caryigena, n comb 

Synonyms C i/hn dros ponu7n ca7yig€ninti'Et\lmfxn<} ’EYorhart Pioc Acad. Nat 
Sci , Phil , Pa , 1889 

Cercospo^ ella caryiqena (Ell and Ev) Holincl, Ann My col , vol 22 , 3924 

Ascioerous stage — Pciithocia hypophyllous, black, ciiimpent, aggregate to 
scattered, cllipsoid-globoso, SOa* to 85 ai in diametei, ostiolate Perithecial wall 
2 to 5 cells thick Asci clusteicd, clavatc-cvlindncal, hyaline, 8-spoicd, 45“55iu 
bv 7 6”~9ju (often becoming much longer when placed in water), no paiaphyscs, 
spoics hyahno, 1-soptate, slightly uncciiial, 12~i5M by 3~5 ac 

CoNiDiAL STAGE — Hypliae principally confined to spongy parenchyma, conidia 
profuse, foimed from tufts of hyphae penetrating through stomata, hyaline, 
filiform, curved, 2 to 3 septate, 25“55 m by 4-7g Comdia form white spots on 
lower leaf surface of Hicoria, later disappearing, and lesions show as moderately 
conspicuous yellow to light-bi own spots 2 to 5 mm in diameter 

PycnjdiaIj STAGE — Pyciudia appear dining late summer on lesions caused by 
the Ccrcospoiella stage, hypo])hyllous, first brown, later black, cuimpcnt, 45-50g 
Wide Pycuospores lod-shaped, hyaline, nonseptate, 2- 3 by l-~i 5jU Func- 
tion unknown 

Parasitic on leaves of llicona s])eeies 

Ascigerons stage first app(‘aung on leaves of IJicona pecan during late summei; 
development completed in March and Apiil of following year 

PHYSIOLOGICAL STUDIES ON ARTIFICIAL MEDIA 

Monosporous oultiiros from conidia were readily made by i-emoving 
them with a sterile needle from young sporulating'lcsions and “streak- 
ing" agar plates. Isolated conidia were later transferred to agar 
slants The perfect stage was cultured by invertmg plates of agar 
over fragments of leaf tissue containing mature perithecia. The most 
satisfactory plantings wore made when the perithecia were lying about 
2 mm below the surface of the agar Isolated spores were marked, 
and those that germinated were transferred to tubes containing agar. 
The cultures grow very slowly at first, requiring about eight days at 
room temperature (aliout 23* to 27° C ) to become macroscopic in 
size, and attained a diameter of 1 to IK nam in about two weeks. 
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The fungus was grown on the following types of artificial culture 
media* Beef agar, corn-meal agar, Lima-bean agar, dextrose agar, a 
mixture of corn-meal and potato agar, pecan leaves, watermelon rmd , 
and bean pods 

The reaction of the fungus on each medium used was different. On 
dextrose agar (Difco) it produced a dark-brown to black granular 
thick stroma on the surface of the medium Little or no aerial 
mycelium was present The advancing portions of the stroma had a, 
creamy to grayish color and were somewhat slimy The entire stroma 
as seen through a lens had a wet, slimy appearance On Lima-bean 
agar the exposed stroma was rough or granular and dark brown. The 
stromata were usually covered with a mat of white hyphae, surrounded 
by white to creamy, slimy, submerged portions 

Cultures on most media form conidia and pyemdia in abundance 
Both conidia and pycnospores closely resemble those occurring 
naturally on the host Penthecia have not been known to form on 
artificial media 

On artificial media the fungus made the most vigorous growth at 
temperatures ranging from 23® to 27® C Growth is inhibited at a 
temperature of about 5®, but is resumed when the temperature 
becomes more favorable 

The fungus was grown at the optimum temperature for 60 days on 
corn-meal agar, having a hydrogen-ion concentration of pH 3 8 to 
8 5 The best growth was made at pH 6 5. Below pH 4 5 and above 
8 0 growth was very meager 


SUMMARY 

The conidial stage of the downy spot disease of pecans is considered 
identical with Cercosporella caryigena (Ell and Ev ) Hohnel, a fungus 
first described by Ellis and Everhart as Cyhndrosponum caryigenum 
on specimens of Hicoria cordiformis collected by John Dearness near 
London, Ontario, m 1889 

Conidia are produced in great numbers on lesions and form white 
spots 2 to 5 mm in diameter on the lower surface of aflected leaves 
When the comdia are washed off by rains the lesions appear as incon- 
spicuous yellow or brown spots. The disease has been observecl on 
the pecan m Georgia, Florida, Alabama, Mississippi, Louisiana, 
Arkansas, and Texas 

The perfect stage, Mycosphaerella caryigena n comb , develops on 
pecan leaves during fall and winter, but does not matin e until early 
sprmg. Proof of the relationship of the conidial and perfect stjigivs 
and of their ^ pathogenicity was demonstrated by comiiarison on 
artificial media and by inoculation experiments 

A description of the fungus and its growth on culture media is given. 



PHYSIOLOGIC RACES OF USTILAGO LEVIS AND 
U. AVENAE ON RED OATS^ 


By George M Reed, Curator^ Brookhjn Botanic Garden^ and T R Stanton, 

Senior Agronomist , Division of Ceieal Crops and Diseases, Bureau of Plant 

Industiy, United States Department of Agriculture 

INTRODUCTION 

The results of a study of smut specimens for the determination of 
specialized races of Uahlago avenae (Pers ) Jens and U levis (Kell 
and Sw ) Magjn are presented m the following pages Tins paper 
also reports the identification of a intherto unknown physiologic race 
of U levis winch attacks Fulglmm oats 

REVIEW OF LITERATURE 

Extensive data on physiologic races of the fungi that cause loose and 
covered smuts on oats have been published by Reed (4, 5, 6Y and by 
Sampson (7, 8) Several distinct races of both species have been 
identified Among the races of Ushlago avenae two of particular 
interest attack the Fulghum and Red Rustproof varieties The 
Fulghum race of U avenae is capable of severely smutting Fulghum 
and the closely related Kanota and Frazier strains In addition, 
several varieties of common oats, such as Bicknell, Black Diamond, 
Canadian, and Vict/or, are severely attacked Hull-less or naked 
oats and the wild species Avena barbata Brot also are very susceptible 
On the other hand, stiains of the Red Rustproof type are extremely 
resistant to this particular race of U avenae 

The physiologic race of UsDlago avenae which attacks Red Rust- 
proof also IS highly specialized It produces a large percentage of 
smutted plants on Red Rustproof and the related Nortex On 
Fulghum and its strains, however, it gives essentially negative results 
Apparently there is only one variety of the Avena sahva group, 
namely Canadian, that is sns<‘,eptible Ilull-less oats also are extremely 
resistant It is an interesting fa<‘.t, however, that A barbata is com- 
pletely sus(‘cptible 

Hitherto no race of llsttlago levis has been known to attack seriously 
Fulghum and Red Rustiiroof oats Reed (60 has shown that Fiil- 
gbum o<‘c.asionally may be slightly smutted by a form of U levis from 
Missouri, but the ])ercentage of smutted plants is never very high. 
()(H‘asional plants of Red Rustproof, apparently smutted with this 
same race, also have been found 

IMPORTANCE OF FULGHUM AND RED RUSTPROOF OATS 

Variously named strains of the Fulghum and Red Rustproof varie- 
ties of oats are grown extensively m the southern half of the United 


1 Received foi publication .Tiily 17, 1931, issued March, 1932 The investigations here reported wei e 
rondiicled bv the Division of Ceioal Chops and Diseases, auieau of Plant Industiy, U S Depart ment of 
\gncultuie, m coopei.ition with the Biooklyn Botanic Gulden, Brooklyn, N Y Contribution No 62 
Brooklyn Botanic Garden. 
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States In the Cotton Belt they are grown almost exclusively, and 
mostly from fall seeding In the region immediately to the north of 
the Cotton Belt they are important spring-sown varieties, espociallv 
Fulghum and its strain Kanota Fiilghiim is now most extensively 
grown in Missouri, Kansas, and Oklahoma, where it has largely re- 
placed the Burt and Red Rustproof varieties The last mimed is not 
altogether satisfactory for spring seeding, owing to its later maturily 
Prior to the development of Fulghum, early varieties of (‘oinmon 
oats such as Kherson and Sixty-Day also were grown to some (extent 
in this area, with generally unsatisfactory results, owing to ]K)or ada[)- 
tation Stanton and Coffman (9, 10) have made available informa- 
tion on the importance and distribution of the Fulghum and Red 
Rustproof varieties 


MATERIALS AND METHODS 

In the spring of 1929 the junior writer collected samples of oat 
smut in various parts of the South and forwarded them to the senior 
writer at the Brooklyn Botanic Garden An identification number 
was assigned to each collection, by which each is hereafter designated 
Ten of these collections have been tested for their physiologic special- 
ization. The oat varieties used as testers or difl'erential hosts were 
Canadian (seed No.^ 119), Victor (seed No 126), Fulghum (seed No 
129), Red Rustproof (seed No. 131), and Navarro (Ferguson Navarro : 
seed No. 939, C I." No 966) 

The inoculations were made by the method desciibed by Reed (ff). 
All tests were made under greenhouse conditions at the Brooklyn 
Botanic Garden 

EXPERIMENTAL DATA 

The reaction of the five differential hosts to Ushlago lens collected 
from the Fulghum variety, is shown in Table 1 Collection numbers 
and geographic origin are likewise shown 


Table 1 — Reaction of the five differential hosts to Ushlago levis collected horn 

Fulghum oats 


Variety 

Collection No 10, Athens, Ga 

Collection No IS, ClcniMm 
College, S C 


Plants 

infected 

Jd.uits 

Tnfecicd 

Number Penn^t 

17 100,0 

19 100 0 

If) 7S 9 

0 0 

0 0 

Canadian 

Number 

13 

19 

19 

19 

19 

Number 

13 

16 

18 

0 

0 

Per cen* 
100 0 
84 2 
91 7 

0 

0 

Number 

17 
19 
19 

18 
19 

Victor 

Eulghum 

Red Rustproof 

Navarro 



CoUections Nos 16 and 18 proved to be typical of the covered smut. 
Bpth produced high percentages of smut on Fulghum Collection 
No 16 produced smut on 18 of the 19 plants, or 94 7 per cent and 
collection No 18 produced smut on 15 of 19 plants, or 78.9 pei Vont 
Collection No. 16 gave 100 per cent infection on Canadian and 84.2 

InvestigatioDs ® uivjsion oi oeieal Uops and Diseases, fontieilv Oinee of ( 
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per cent on Victor, while collection No 18 produced 100 per cent 
infection on both of these varieties. Red Rustproof and Navarro 
proved highly resistant to both collections 

The reaction of the five diflerential hosts to Ushlago avenae collected 
from the Norton, Ivanota, and Frazier varieties (collections Nos 8, 
48, and 56, respectively) is shown m Table 2 The geographic origin 
ol each collection is also shown 

Table 2 — Reaction of the five difercnhal hof^ts to Ustilago avenae collected from 
Norton, Kanota, and Fiazier oats 


Variety 


Canadian 

Victoi 

Fulghuin 

Kcd Jtustproof 

Navano 



Collection No 8, A and 

Collection No 48, Near 

Collection No 56, 


M College, Miss 

Newton, Kan 

Lawton, Okla 


Plants 

Infected 

Plants 

Infected 

Plants 

Infected 


Number 

Number 

Pei cent 

Number 

Number 

Pei cent 

Numbei 

Number 

Per cent 



19 

19 

100 0 

19 

17 

89 4 

20 

20 

100 0 


20 

8 

40 0 

20 

11 

55 0 

18 

17 

94 4 



20 

20 

100 0 

20 

20 

100 0 

20 

20 

100 0 



10 

0 

0 

10 

0 

0 

20 

0 

0 



20 

0 

0 

20 

0 

0 

20 

0 

0 


Collection Nos 8, 48, and 56 (Tabic 2) correspond quite closely in 
reaction to the Fulghum race o! Ushlago levts shown in Table 1 All 
three collections gave 100 per cent infection on the Fulghum variety 
Very high percentages of smut also were obtained on Canadian. The 
Victor variety gave somewhat variable results, the percentage of 
smutted plants ranging from 40 0 to 94 4 The results with Eed 
Rustproof and Navarro were entirely negative. These data are m 
harmony with those reported by Reed (5, 6) for the physiologic race 
of U avenae on Fulghum oats 

The reaction of the five differential hosts to UsMago avenae col- 
lected from the Ferguson No. 922, Nicholson Hundred Bushel, and 
Nortex strains of the Red Rustproof variety (collections 25, 53, and 
57, respectively) is shown in Table 3. The geographic origin of each 
collection is given in the table. 

Tablk 3 — Reaction of the Jive diffeicntial hosts to Ushlago avenae collected from 
Ferguson No 022, Nicholson Handled Bushel, and Nortex oats 



Collection No 25, 
Uouton, Te\ 

Collection No 63, 
Ktillwater, Okla 

Collection No 67; 
I-awton, Okla 

Variety 

— 



— 



.... 


„ 


Plants 

Infected 

Plants 

Infected 

Plants 

Infected 

Canadian 

Number 

19 

IS umber 
16 

Pei cent 
84 2 

Number 

20 

Number 

19 

Per cent 
95 0 

Number 

19 

Number 

17 

Per cent 
80 4 

Victor 


20 

2 

10 0 

20 

1 

6 0 

Fulghum 

20 

0 

0 

20 

0 

0 

20 

C 

30 0 

Ked Rustproof 

20 

16 

75 0 

20 

14 

70 0 

20 

19 

95 0 

Navarro 

20 

0 

0 

19 

0 

0 

19 

0 

0 


Collections Nos. 25, 53, and 57 are very similar to, if not identical 
with, the previously described form of Ushlago avenae obtained from 
Rod Rustproof oats {5, 6). The three named strains of Red Rust- 
proof from which the collections were made ai-e typical of the Red 
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Rustproof variety. Comparatively high percentages of sum tied 
plants were obtained with all three collections on Red Riistprooi, the 
percentages ranging Irom 70 0 to 95 0 A somewhat higher jiert'ent- 
age of smut (from 84 2 to 95 0 per cent ) was secured with i.he variety 
Canadian A few smutted plants of Victoi wore obtained with two 
of the collections, but no smutted plants whatever were obtained on 
Navarro Fulghum gave negative results with tw^o of the collecd/ions, 
but with No 57, 30 per cent of the plants, or 6 out of 20, w'er(‘- smui^^ed. 
There is a possibility in this case that the original collection of smut; 
was a mixture of the Red Rustproof and Fulghum races Furt/luu* 
experiments are necessary to determine whether this is the case 
Two additional collections from Cowra No 22 and Colburt (C J, 
No 2019) also have given interesting results The reaction of tlio 
five differential hosts to Ustilago avenae collected from these varieties 
(collections Nos 46 and 59, respectively) is shown in Table 4 The 
geographic sources of the collections are shown in the table 

Table 4 — Reaction of the five differential hosts to Ustilago avenae collected Jiom 
Cowra No 22 and Colbuit oats 


Variety 

Collection No 46, E\pou- 
irenl, Ga 

Plants 

Infected 

Canadian 

Numbei 

19 

20 
20 
20 

Numba 

19 

19 

3 

0 

0 

Pei cent 
100 
100 
15 

0 

0 

Victor 

Fiilghum 

Red Rustproof 

Navarro 


Collecliou No T)*), Ixiwlon, 
okla 


Plaiils 


hifecUwi 


Numbei 

Nnvihei 

K) 

JO 

]') 

1') 

20 

0 

20 

0 

20 

0 


Pi'} cud 
KM) 
1(10 
0 
0 
II 


Collection No. 46, from the Cowra No 22 variety, gave 100 ])(‘i 
cent infection on both Canadian and Victor The Fiilgliiiin vaiiety 
showed 15 per cent of smutted plants, 3 out of a total of 20 Ix'in'g 
smutted Negative results were secured with Ecd Ilustproof and 
Navarro In its ability to infect Fulghum slightly and to iufocl. ( ’aiui- 
dian and Victor heavily, this collection is allied to the Missomi i-a<'<! of 
Ustilago avenae. The remammg collection. No 59, gave 100 per (■(‘iit 
infection on the two vaneties, Canadian and Victor, wliile cntirc'lv 
negative results were seem-ed with Fulghum, Ked liiiHlpi-oof, an’d 
Navan-o. 

DISCUSSION 

The most interestmg feature of the results of this study is tlx' identi- 
fication of a defimte specialized race of Ushlago levis, hitluu’to u n k nown , 
which attacks the Fulghum variety of oats (Fig. 1 ) I'ln* two 
collections. Nos 16 and 18, are typical of this species, and l)otli 
show a high degree of virulence for this type of oat. As yet no 
simfiar race of covered smut capable of mfecting the K(‘d Kusl, proof 
variety has been demonstrated It is, however, veiy proliablo that 
such a form or race is actually m existence and will bo identified sooner 
or later 

,, experiments are in progress to determine more definit(iy 

the extent of the specialization of the new collections. A large iuiml»er 
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of varieties of oats, representing different types, have been inoculated 
in order to determine their susceptibility 

Some further discussion oC the relationship of such varieties as 
Norton, Cowra No 22, and Colbuit to Red Rustproof and Fulghum 
in connection with their reaction to <‘ei*tain of the 10 smut collections 
reported in tins paper seems desirable 

It was to be expected that Norton would show high susceptibility 
to Ustilago avepae collected from Fulghum, Norton was originated 
as a selection from a cross between Fulghum (Coker Fulghum strain 
No 3) and an unnamed gray oat (R~-F~3) with side panicle, winch 
was obtained as an individual plant from a field of mixed Red Rast- 



Fk.ujik I Siimitcd [)unidosof Ktilghuiiioals, \ uml B infected wilh Udilatiolevus, C and B with 
U nvuuu T 1 10 1 nnti .ust between 1 ho two smut b ib voi y ovideut 


by Ccorgo J. Wilds, ]r , lu 1918. The cross was made a few 
years la'tor by J B Norton in the bi ceding nurseries of Coker’s Pedi- 
grecd Seed Co , Hartsville, S C. 

The close relationship of Norton to the Kanota and Frazier strains 
of Fulghum is demonstrated by the results presented m Table 2 
On the other hand, iclative to* plant character’s, Norton resembles 
common rather than rod oats These facts undoubtedly fumrsh fur- 
ther evidence that the inheirtance of susceptrbihty or resistance to 
smut in oats rs not Irnked wrth morphologrcal characters. 

The Cowra No 22 (also known as Quandong) variety was intro- 
duced from Australia According to Pndham {2, S) it was originated 
as a selection from Ruakura on the Cowra Experiment Farm, Now 
South Wales. The latter vaucty was developed from a plant vana- 
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tion from the Red Algerian (Argentina), a variety belonging (o Arena 
byzantina C Koch, morphologically similar to the well-known Red 
Rustproof oat of the South Riiakura, however, usually has been 
classified as belonging to A sattva L Cowra No 22 is similar to 
Riiakura m that it is more or less intormocliate in type's bet-weMui the 
varieties of A satwa and A hyzanhm In this eoune(‘tion it is of 
interest to point out that differential hosts belonging to both of {.1 un(‘ 
groups reacted to the smut collected on Cowu*a No 22 (d'abh^ 4.) 

The origin of the Colbiirt variety has been rcporb^l l>y Stanton, 
Gritfee, and Etheridge {11) and by Ooflinan (/) It was dineloixMl as 
a plant selection from Burt, a led oat, at Akron, (Join lloweviu’, 
Cmburt is an early black common oat {Arena mimi), morphologiiadly 
similar to Monarch Colburt is a very umrorm variety and (evi- 
dently represents a mechanical mixture rather than a ])lant variation 
from Burt As a consequence, Colburt probably is not closcely related 
to such varieties as Fulghum, Red Rustproof, and Navarro ''Flic 
data shown m Table 4 indicate specialization of the race of snuiti col- 
lected on Colburt to varieties belonging to ^1 mtimi It is very prob- 
able, therefore, that this smut was intiodiiced from Akron, (\)lo., to 
Lawton, Okla , on Colburt itself 


SUMMARY 

Results of a study of a collection of smut specimens, mostly of 
red oats, for the determination of specialized races of Vntdago arenae 
and U levis are reported 

The identification of a hitherto unknown specialized race of (‘o\- 
ered smut which attacks Fulghum oats is demonstrated 
As red oats are grown extensively and in some sections almost ex- 
clusively in the southern half of the United States, the identilication 
of a specialized race of covered smut attacking Fulghum may ho of 
considerable economic importance 
Of the 10 collections studied, 2 were typical of Lfsttlu(/o lerin^ and 
both showed a high degree of virulence in attacking Fulghum As 
yet no similar race of covered smut capable of infecting ibe oU>M\ 
allied Red Rustproof variety has been identified 
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BLACK SCORCH OF THE DATE PALM CAUSED BY 
THIELAVIOPSIS PARADOXA' 

}3\ L J Klotz, Asf^ociaii Plant Pathologial, and IT S Fawcett, Plant Pathol- 
oqiHl, Gradnafr Sdiool o{ Tiopnal Acfiunllnic and CUi u,s Eipeumrni jStaUon, 
Unweisitq oj (^att}o)nia 

INTRODUCTION 

A fun^’ous <lisease ol economic importance has recently appeared on 
the date ]nilm, Phoemx dadyhfeva, in the wSouthwest The fungus, 
Thiehwto}ms paradoxa (l)e vSeyiics) Von Uohn.,^ has been found attack- 
ing all organs of the ])alm except the roots and stem, and these latter 
organs have been found susceptible by artificial inoculation Success- 
ful infections by means of inoculations have been obtained on all parts 
of the date palm, and the organism m all cases has been readily 
roisolated While the total losses from this disease up to the present 
arc apparently of minor imjioriance, the seventy of its attack in some 
instances indicates that it may become so troublesome as to require 
special measures of control. 

DISTRIBUTION 

In the so-called bud-scorch'^ form of the malady is widely distrib- 
uted, being present in every garden inspected in the Coachella 
Valley, (hdif , and Anzona It has also been found on ornamental 
date palms at Riverside, (hilif Other workers have found that the 
fungus parasitizes a number of plants, including areca palms, oil palms, 
sugarcane, coconut, and pmeapiile Edgerton (3)® describes it as caus- 
ing great damage to sugarcane Although it has not been reported as 
occurring on (fitrus, the writers have found that it produces a firm, 
dark, smoky-ciolorod, ])leasantly aromatic decay when introduced into 
wounds of citrus fruits In India, Sundararaman, Krishnan Nayar, 
and Ramakrishnan (/i) have shown expeiimentally that it is capable 
of attacking plantain, mango, Saccharum spontaneurrif Rhapis sp , and 
tlie date palm. Except in the abstract by Klotz and Raby (S) and 
m papers by Fawcett (4) and Klotz (7), it is believed that the organism 
lias never been reported as attacking the date palm naturally On 
])r('.served specimens of at)j)arcntly the same disease collected by 
Fawcett [4] bIg.Vpt; Algeria, ami Tunisia, the writers have found 
comdia typically like those of 'Iliiclaviopsis How seiiously the fun- 
gus attacks tli(‘ inflorescences and lessens the quantity of fruit depends 
upon weather conditions preceding and during the time of emergence 
of the spathes. It is likely that mildly warm, moist weather accom- 
panying or alternating with windy weather favors distribution and 
mfeciion The optimum temperature for growth of the fungus hes 
between 24° and 27K° C. The manner m which the comdia are borne 
(in extremely long cliains, which readily break up into small groups 
and single comdia) favors distribution by wind Germination of the 
spores on glass is possible only in the presence of water in liquid form. 

1 Kec'tnved for publication Aug. 4, iy.n, Ibbued March, 1932, Paper No 257, University of California 
Gnifiuate School of Tropical Agucultuio ami Citrus Experiment Station, Riverside, Calif 

Identified by I A Stevenson, of the Division of Mycology and Disease Survey, Bureau of Plant Indus- 
try, U S Dopartiiieut of Agriculture 
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SYMPTOMS OP THE DISEASE 

ON SPATHB, FR0ITSTALK, AND FRUIT STRANDS 

As shown in Figure 1, the parasite attacks the young I'ruitstalks 
and fruit strands even before the spathe has ruptured On the spatho, 
circular to elongated lesions mark the points of entrance oi the disease. 
These lesions range in color from sorghum brown (Ridgway) on the 



Figube l»~Female>pathe]cut open'to show (A) black scorch on inflorescence, the gnarled and 
twisted fruit strands being devoid of flowers, (B) lesions on frmtstalk 

exterior surface to mahogany red or bay on the interior surface On 
removal of a portion of the mfected spathe it was found that the fruit- 
stalk bore depressed, brown (warm blackish) to black necrotic areas, 
which were circular to oblong in outline. The twisted deformed fruit 
strands of the specimen shown in Figure 1, A, were entirely diseased 


♦ TfionWAY B COLOR STANDARDS AND COLOR NOMENCIATUBE 43p.,lllUS Washington, I) C 1912 
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They were blackish brown to black in color, and were devoid of 
flowers Microscopic examination showed them to be covered by 
the typical dark-brown, unicellular, oval conidia The strands of 
fruit bunches that were attacked later m their development showed 
blackened, depressed lesions (fi^ 2) similar to those on the fruitstalk, 
and some were completely severed by the decay The affected tissue 
was in all instances dry and firm and each area bore the black powdery 
spores A c:ray covering on some of the lesions was found to be due 
to conidia of Fusanum sp A species of Fusarium was later found as 
the primary cause of a decay of certain male inflorescences of the date 
palm Inoculations by means of spore suspensions of Thielaviopsis 
nto young spathes which were just beginning to crack open showed 
that wounding was unnecessary for infection, the typical dark lesions 
being produced on the young tender fruit strands and fruitstalks. 

ON TERMINAL BUD 

The effect of the disease on the palm bud and heart is even more 
serious than it is on the fruitstalks. The pathogene gains entrance 
to the succulent tissue through a wound or puncture, and its progress 
m this vital region is very rapid. The entire terminal bud and ad- 
jacent leaf bases may succumb, eventually presenting a dried, dull, 
blackened, charcoallikc appearance. Two largo date seedlings in 
boxes in the greenhouse were lalled by inoculations at the base of the 
young central loaves In four of the five cases observed in the field 
the entire bud was not killed but grew out laterally, producing the 
so-called ^^fool disease ” effect (called by the Arabs ^^medjnoon'O 
It IS behoved that m California Th%elamo'p8%s paradoxa is the principal 
organism causing this peculiar trouble. Eventually, the entire bud 
regenerates from the uninjured portions of meristematic tissue and 
returns to its normal vertical position. High temperatures and rapid 
growth of the palm may be the factors that operate to prevent the 
disease from terminating fatally in all instances On laboratory media 
the fungus makes very little growth at 32° C, or above 

ON TUB PETIOLE, MIDRIB, AND PINNAE 

The blackening of the midrib of fronds that usually accompanies the 
bud-scorch form of the disease may frequently be due to the same 
organism. The black, irregular, rough, necrotic condition of the 
leafstalk (fig, 3) is the most striking symptom of the disease. It gives 
the impression that the tissues have been burned, and suggests the 
name selected for the disease — black scorch. The cross cuts and V 
cuts so commonly found near the base of a midrib present an ideal 
entrance for this and other fungi, 

Ashby (1) and Orian (9) have reported the fungus as attacking the 
pinnae of the freshly opened leaves of coconut palm. '‘Pale yellow 
spots with a brown margin develop on the furled pinnae. Later 
the lesions elongate, converge, and turn black, owing to the presence 
in the tissues of spores of the fungus. Infection spreads rapidly 
through the pinnae, and in severe cases the heart leaves dry up.^’ 
This, so far as it goes, is an accurate description of the course of the 
disease prodiiced by the writers on a large seedling in the greenhouse. 
On this seedling and on material collected in the field, the midribs and 
pinnae had circular to elongated irregular spots, which m some in- 
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stances were as wide as the pinnae and as much as 6 centimeters m 
length. Artificial wounding was unnecessary to secure infection on 
the petiole, midrib, and pmnae. The fungus readily invaded the 
margin of the petiole where the fibers originate. Twenty days after 



PiGURE 2 -Black-scorch lesions on fruit strands X 

spores were placed on a leaf of a seedling palm, both edges of one 
petiole had lesions 3 to 10 milhmeters in depth and 150 millimeters in 
length. (Fig 4, A.) In the chlorophyll-less region of the petiole 
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base, the lesion was yellow ocher m color, ^ and in the green region, Dres- 
den brown The outer margin of the lesion was dark brown to black, 
while the inner margin was a light chestnut brown. The central area 



Figure 3 —Deformed young date fronds showmg charcoal like effect that follows infection by black 
scorch, the fungus may accompany the defoimity but does not necessarily initiate it 


(17 by 10 millimeters) of a typical isolated spot (20 by 16 millimeters) 
on the dorsal surface of the same petiole (fig. 4, A) was chestnut 
brown, bounded by a narrow margin of deep brown to black Black 


Bidoway, R Op cit. 





160 


Journal oj Agncultural Research 


Vol 44, No 2 


spore masses were scattered throughout this area. Surrounding the 
mner area was a band 2 to 3 millimeters m width and yellow ocher m 
color The margin of the band was a light chestnut brown Figure 
4, B, shows typical spots on the pinnae. These langed in size from 
microscopic to 20 by 8 millimeters. Their color characters wore 
similar to those given for the spot on the petiole However, as a 
lesion on a pinna dries, the chestnut-brown center gradually becomes 
lighter imtil it is a warm buff. 

Several midrib bases of the second whorl of fronds on a largo seedling 
offshoot were inoculated by placing the fungus in a 3-milhmeter hole 



Figure 4 — Lesions on petiole base ( 4.) and pinna (B) produced by fungus in absence of 
wound The petiole margins where the fibers originate should be considered as wounded 
tissue 


made with a cork borer. The woimd was covered with adhesive tape 
until the organism had become established. In four weeks the fungus 
on one froud had produced an oval lesion 9 centimeters wide and 15 
centimeters long, almost enveloping the midrib and causing it to 
break. Extendmg for a total length of 45 centimeters up and down 
the surface of the midrib beyond the lesion was a linear series of cir- 
cular water-soaked areas each about 12 millimeters in diameter. The 
fungus was reisolated from the water-soaked area most remote from 
the point of inoculation, which shows that the organism invaded new 
tissue at the rate of at least 1% centimeters per day for 30 days. The 
surface of the canlcer was gray to brown to drab in color," and the 
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pinnae beyond turned gray as they dried. Internally the lesion was 
light drab to wine in color toward the advancing edges, with smaller 
orange to reddish-brown streaks extending far up and down the mid- 
rib, (Fig. 5 ) These streaks were directly under the water-soaked 
areas that appeared on the surface The pathogene was readily 
reisolated^ from any portion of the affected tissue. Eventually the 
invaded tissue turned black owing to the production of fuscous spores 
by the causal fungus Likewise, inoculations of any pruning cuts 
and the cut surfaces of midiibs and spines were invariably successful, 
the infected tissue dying back several inches and eventually becoming 
blackened and covered by fungous spores 

ON STEM AND ROOT INDUCED BY ARTIFICIAL INOCULATION 

To test the susceptibility of the trunk or stem of date palm to the 
fungus, the old leaf bases were cut away, the surface cleaned with 
alcohol, and a portion of an agar culture inserted in a hole made with 
a quarter-inch cork borer The inoculation was covered with adhe- 
sive tape Five weeks later an examination revealed a zone of dead 
and dried brown tissue extending in all directions from the point of 
inoculation. The dark spores of the fungus were present in this 
region Beyond the dead tissue was a narrow, pinkish zone about 
6 millimeters in width, and beyond that a tumeric-yellow band about 
25 millimeters wide. The diseased tissue extended 7 to 10 centimeters 
from the focus of infection It was brown to drab in color beyond the 
yellow zone and had no well-defined margin. It is difficult to deter- 
mine the extent of diseased areas because the excised tissue darkens 
rapidly in the air ® 

Roots of the date palm were likewise tested. On the northwest 
side of a seedling palm, 15 roots about 12 millimeters in diameter were 
carefully uncovered. Eight of these were inoculated; some by simply 
placing agar inoculum on the unbroken surface, and others by inserting 
the fungus in a 12-millimeter longitudinal slit^ made with a scalpel 
and covering the place of inoculation with moist cotton and waxed 
paper. All of the inoculated roots decayed, the affected portions 
being a soft, moist, brown decay which became a darker brown as the 
fungus fruited. In five weeks the affected tissue extended from 5 to 
15 centimeters in both directions from the point of inoculation along 
the root The inoculated roots, womided and imwounded, showed 
no decay. The organism was roisolated from the diseased stem 
and roots. 

VARIETAL SUSCEPTIBILITY 

The midrib-scorch form of the disease has been found on all varieties 
of date palms growing in the Southwest, except the Tazizaoot 
Although the fungus was first found causing inflorescence decay on 
the Deglet Noor, this variety in the Coachella Valley is perhaps one 
of the least susceptible to other forms of the disease. The Theory 
variety appears to be very susceptible to the midrib-scorch form of the 
malady. The fibers of the midribs of the outer whorls of leaves seem 
to bind, and as growth proceeds from the center, to injure the young 
emerging fronds, thus affording an excellent opportunity for infection 


« R B Streets, of the University of Arizona, at the 1930 Date Growers’ Institute reported orally on a 
disease of the steins of neglected date palms in Arizona having symptoms similar to those on trunk tissue 
described here The name of the organism was not mentioned at the time, but later it as identified as a 
species of Thielavia { 6 ) 

-IAr7Q1Q 5 



162 


Journal of Agricultural Research 


Vol 44, No 2 


by the black-scorcb fungus, even in the absence of moisture. Winds 
probably accentuate this type of mcchaiucal injury. The cross cuts 
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IFzGtrRE 5— Diseased internal tissues of petiole produced by artificial inoculation with the 

black-scorch organism 

Y mentioned earlier probably haye the same origin. The 
abundance of the disease on the^ Theory variety may be due to the 
greater incidence of this type of injury on that variety. 
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The Hayany, Amhat, Saidy, and Halawi varieties are likewise very 
susceptible, perhaps more so than the Deglet Noor The disease 
was observed also on the Zahcedy, Menaldier, Baldany, Guiitar, 
Haloo, Fteeiny, Besscr Ilaloo, Naldch-Zian, Sukar-Nabat, Horra, and 
and Koroch, but the number of individuals was too small to permit 
reliable compaiison. 

THE PATHOGENE 

Patterson, Charles, and Voihrneyer (10) discuss the origin and 
synonymy of the fungus, stating that De Seynes found it on pine- 
apple and described it under the name Sporoscinsma paradoxum 
Saccardo in 1892 gave it the genus name Chalara, the binomial be- 
coming Chalara paradoxa (De Seynes) Sacc. The next year, Went in 
Java described a serious fungus disease of pineapple and designated 
the pathogene by the new generic name Thielaviopsis because it 
produced hyaline oonidia endogenously m a manner similar to that 
of the genus Thielavia Zopf, and by the specific name ethaceticus 
because of the production of a pleasant, strong odor resembling ethyl 
acetate Von llolinel (5) observed that the fungus of De Seynes 
and that of Went were identical and established the priority of the 
specific name of the former, calling the fungus Thielaviopsis paradoxa, 
hence, Thielaviopsis paradoxa (Do Seynes) Von Hohnol ^ Butler (2) 
states that ho found also a pycnidial stage of the fungus which might 
place it m the genus Sphaeronema The pycnidia were globose, 
hairy, and ostiolate, the ostiole being at the tip of a long bnstlelike 
nock The pycnidiospores were small (10 to 12^t by 3ju), hyaline, 
unicellular Patterson et al {10) mention the appearance of pycnidia 
m their cultures of the fungus, but do not dosciibe this stage Thus 
far the writers have observed no pycnidial stage on specimens or on 
the various laboratory media 

The literature in general describes the fungus as having creei)mg, 
almost hyaline hyphac which bear two spore forms: Microconidia, 
which are small (10 to 15/x by 3 5 to 5/z), cylindrical, hyaline, and 
formed umscriately within a hyphalike comdial case, and macro- 
conidia (16 to IO'm by 10 to 12ju), which are extruded in chains 
from the ti])s of short lateral hyphao, and which are brown, thick- 
walled, and ovate. Grown oii glucose-potato agar at 27^ C., a 
culture 2 weeks old had ('.onidia of the following dimensions. The 
so-called macroconidia with thick walls, lengtli 11 to IT/x, width 
7 to 15g, brown conidia that were extruded from conidiophores of 
the same morphology as those that bear the hyaline so-called micro- 
conidia, length 6 to 23/x, width 4 to8 6^; s^^id hyaline microconidia, 
length 5 to 15 m, width 3 to 7 m The contents of both kinds of 
comdia vary greatly and may be very guttulate and granular to 
perfectly homogeneous. As shown in Plate 1, u, the typical conidio- 
phores bearing the microconidia are much elongated and swollen at 
the base, while those bearing the macroconidia (pi. 1, h) are approxi- 
mately half as long as the first and of uniform diameter. However, 
these distinctions as to spores and conidiophores are veiy artificial, 
as one finds all gradations in size, color, and shape between the 
extremes described, and all the conidia are probably produced en- 
dogenously, although some are pictured which appear to originate 


7 Dade (2a) has found a fungus of the genus Ceratostomella which he considers to be the perfect stage 
of Thtelamopm paradoxa, the name of the orgamsm would thus become Ceratostomella paradoxa 
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acrogenously In germinating on glucose-potato agar, the protoplast 
of the mature macrocomdium bui-sts through a longitudinal sht and 
forms a globule of naked protoplasm which proceeds to grow into 
mycehum. (PL 1, c ) In water, the conidia germinate directly 
by sending out a germ tube Apparently the brown conidia need a 
rest period before they will germinate The hyaline conidium 
germinates readily without a rest period, sending out one (pi 1, d), 
occasionally two, germ tubes from any place on its periphery The 
hyphae are subhyaline with cross walls and show a strong tendency 
to anastomose and to form branches at right angles to the parent 
hypha (PI. 1, e ) 

PATHOLOGICAL HISTOLOGY 

The cells of affected tissues turn brown as both walls and lumen 
become Med with gum. The formation of gum in palm fronds is 
not peculiar to this disease alone, for any wound induces a tendency 
to the formation of pentosanlike substances In some sections the 
h3T)hae appear completely to ffl some of the tracheae and paren- 
chymatous cells (PI 2 ) These hyphae and the gum that forms 
in the pathological tissues may become so abundant as to interfere 
seriously with the transpiration stream and produce a permanent 
whting of the pinnae several feet beyond the region invaded by the 
fungus In addition to the intracellular growth, the fungus is found 
abundantly m the intercellular spaces but does not appear to grow 
in the region of the middle lamellae. Abundant fruiting occuis on 
the surface of a lesion and, as the decay progresses, withm the dis- 
mtegrated tissues. 

CONTROL 

In the West Indies, dipping in 4-5-40 Burgundy or Bordeaux 
mixture gave adequate control of the disease on sugarcane sets. 
In Jamaica, where the malady occurs on coconuts, the diseased 
tissues are excised and the wounds dressed with a mixture of equal 
parts of copper sulphate, salt, and lime Patterson et al. (1 0) found 
formaldehyde gas (1,200 cubic centimeters commercial foimalm pci 
1,000 cubic feet) effective in controlling the fungus on pmcapplcs, 
even when the organism was inserted to a depth of half an inch 
Simmonds ® m Australia has utffized both benzoic acid and bone 
acid effectively in controllmg decay of pineapples. In this work the 
copper fungicides were less effective than the two organic acids 

In the case of date palms it seems advisable to prune out the 
affected fronds, leaf bases, and inflorescences, and to protect the 
pru^g cuts and surroundmg tissues with some disinfectant Some 
preliminary laboratory experiments made by the writers indicate 
that copper sprays and dusts may be effective. Bordeaux dust, a 
5-5-50 Bordeaux mixture, and ammoniacal copper carbonate in- 
hibited germination of the conidia in a weak glucose-potato broth 
or m 10 per cent sucrose solution, the last-named fungicide bemg 
slightly less effective than the Bordeaux. Calcium monosulphide 
dust, dry lime sulphur, liquid lime sulphur, 1 per cent boric acid, 
1 per cent benzoic acid, and 1 per cent formalin were hkewise effective 
in inhibiting germination. All the chemicals m liquid form except 


8 Verbal commumcation 
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the formalin were atomized onto glass slides and allowed to dry before 
the spore suspension was applied with an atomizer Flowers of 
sulphur dust under the conditions of the experiment was entirely 
mchective m pi'oventing germination 

SUMMARY 

A fungous disease of economic importance has been found on date 
palms in California, Aiizona, and noithem Africa. A preliminary 
survey indicates that all varieties of the date palm are probably 
susceptible The disease has been found occurring naturally on all 
paits of the plant except the roots and stem, and these latter organs 
have by artificial inoculation been found to be readily susceptible. 

Typical lesions aie dark brown to black, hard, carbonaceous, and 
in mass give the petioles, midrib, fruit strands, and fruit stalks a 
scorched appearance, which suggests black scorch as the common 
name Many of the fruit strands may be completely severed by the 
attack and the crop materially lessened Wounding was shown to be 
unnecessary for infection of the root, fruit strands, petiole, and pinnae 
The decay is most serious when it attacks the teiminal bud, either 
killing the i3alm, oi, when not fatal, producing the so-called ‘‘fool 
disease” effect, m which the injured terminal bud grows out laterally, 
setting the normal growth of the palm back several years 
Both the hyaline and the brown spores of the fungus TMelav%ops%s 
paradoxa (Do Seynes) Von Hohnel are found on the surface of the 
lesions The conidia originate endogenously in uniscriate chains from 
subhyaline conidiophoi*es The optimum temperature for the 
fungus in culture lies between 24® and 27 K® C , it makes very little 
growth at 32® The brown spores apparently need a rest period before 
germination. The hyaline conidium germinates readily without a 
rest period, sending out one, and occasionally two, germ tubes from 
any place on its periphery. In germinating on glucose-potato agar 
the protoplast of the mature maoroconidium bursts through a longi- 
tudinal slit, liberating a globule of naked protoplasm which proceeds 
to grow into mycelium The hyphac arc subhyaJine with cioss walls 
and show a strong tendency to anastomose and to form branches at 
light angles to the parent hyphae 
A histological study of the petiole of a diseased frond showed the 
fungus growing intracellularly in tracheae and parenchyma and 
intercellularly in the intercellular spaces but not in the middle lamellae. 

To control the malady, the affected fronds, leaf bases, and inflo- 
rescences should be pruned out and the pruning cuts and surrounding 
tissues protected with some disinfectant Preliminary experiments 
indicate that copper sprays, dusts, and various other chemicals may 
be effective. 
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THE GLOSSY CHARACTER (gL) IN MAIZE AND ITS 
LINKAGE RELATIONS * 


By II L Thomas 2 

Reseaich Assistant j Dirmon of Aqionomy and Plant Genetics^ Minnesota Agri- 
cnltmal Eiperiment Station 

INTRODUCTION 

Glossiness in maize seedlings is inherited as a simple Mendelian 
recessive. At least three genetically different types of glossiness have 
been discovered, each dependent upon the homozygous recessive con- 
dition of a single factor. Glossy seedlings are characterized by a 
shiny, smooth, waxy appearance. A normal maize seedling has a 
slight silvery sheen on the surface which a glossy one lacks. When 
glossy seedlings are sprinkled, the water collects in drops on the 
surface of the leaves, while in normal seedlings the leaves shed the 
water completely. Classification of the two types in a segregating 
generation is therefore facilitated by sprinkling the leaves with water. 
Glossiness is apparent as soon as the loaf emerges from the soil, and 
may be observed until the plant is about 20 to 30 inches tall, when 
it begins to fade. By the time inflorescences are formed this char- 
acter can no longer be differentiated. 

The purpose of this study was to determme the normal mode of 
inheritance of glossiness {gif) in seedlings and its linkage relations, 
and also to investigate the physical properties of the character and 
its effect upon the vigor of plants possessing it 

REVIEW OP LITERATURE 

During the last 20 years knowledge of linkage relationships in 
maize has developed to a point where the completeness of the chromo- 
some map IS second only to that of Drosophila. The comparative 
ease of culture, wide range of adaptation, type of inflorescence, large 
number of seeds per ear, and numerous obseivable genetic characters, 
all combine to make maize a good subject for genetic studies 

Beginning m 1929, Emerson and his covrorkers at Cornell have 
each year summarized all the available linkage data m maize. The 
1930 compendium lists approximately 100 genes combined into 10 
linkage groups.*^ Populations for each cross are large, ranging from 
500 to as many as 300,000 plants. Several 3-point relationships are 
given. 

In 1921 Brunson discovered the strain now known as gli^ in a first- 
year self progeny of a yellow dent corn from Illinois. A report of 
this discovery has never been published. In 1924 Kvakan {8Y 
reported a linkage relation of glossy seedling and brown aleurone. 
This was the first reference to the glossy character in the literature. 


1 Received for publication June IG, 1931, issued March, 1931, Presented to the faculty of the graduate 
school of the University of Minnesota m partial fulfillment of the requirements for the degree of doctor of 
philosophy Paper No 1029 of the Journal Senes, Minnesota Agncultuial Experunent Station 
a The writer wishes to express his thanks to Dr H K. Hayes, Chief of the Division of Agronomy and 
Plant Genetics, University of Minnesota, for his help in the conduct of this investigation. 

* This material was as yet unpublished when the present paper was submitted 

* Reference is made by number (italic) to Literature Cited, p 173 
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The strain of glossy used was the simple Mendelian recessive dis- 
covered by Brunson, which has since been named gk The linkage 
relations of glossy seedling iglx) were summarized by Brunson in 
1926 [2). 

Hayes and Brewbaker (4) studied glossy seedlings in maize and 
made crosses between various strains. They described the appear- 
ance of glossy seedlings and reported two new ones phcnotypically 
indistinguishable but genotypically distinct from the one obtained 
by Brunson The 3 strams were designated glj (Brunson's), glo, 
and gls Like gli^ the new strams were each simple Mendelian reces- 
sives It was stated that glossy seedlings appear rather frequently 
in selfed strains from various varieties The results from crosses of 
14 unknown glossies were given, each of these proving to be some one 
of the 3 repoited. 

In addition to establishing the existence of the two new glossy 
strams, Hayes and Breivbaker (5) found glo to be linked with FI 
(flinty endosperm). Finally, in 1930 Brewbaker and Hayes (1) 
published extensive data on the B-lg group, concluding that the 
order of the genes appeared to be (v 4 rFl-tSi)'^-sk-gl 2 -lg 

Except for a brief description of the glossy character by Hayes 
and Brewbaker (4), no investigation of the anatomy of glossiness 
appears to have been reported 

APPLICATION OP ORGANIC SOLVENTS TO THE LEAF SURFACE 

AS A MEANS OF ASCERTAINING THE ANATOMICAL NATURE OF 

THE GLOSSY CHARACTER 

As was stated earlier, sprmkling with water helps m differentiating 
the two types of seedlings. Water will collect m drops on a glossy 
leaf but is shed by the leaves of normal seedlings. This distinction 
may be due to a difference m mterfacial tension between the two 
^ systems concerned, that is, water-glossy and water-normal inter- 
faces. If a normal leaf is held in a level position a drop of water 
may be balanced upon it. However, the drop will be almost spheri- 
cal and with the slightest tipping of the leaf will roll rapidly in one 
direction or the other. On a glossy leaf a drop of water of the same 
size will be flat and will generally adhere to the leaf even when the 
surface plane is m a vertical position. Sometimes the water will 
spread out to form a rather thin film over the leaf surface, though at 
ordinary room temperature it usually remains in drops. 

If a normal leaf is sprinkled with ethyl alcohol the results are very 
similar to those produced by an application of water to a glossy leaf. 
Drops of alcohol about the same size and appearance as drops of water 
on glossy leaves form on the normal surface. At 20° C , or about 
room temperature, the surface tension of water is 72.8 dynes per cubic 
centimeter while that of ethyl alcohol under the same conditions is 
only 21 7 dynes per cubic centimeter. This fact mdicates that the 
difference m the ability of the two seedling types to collect water 
drops IS due to interfacial tension. 

Fmther observations are compatible with those just mentioned, 
^cohoi applied to glossy leaves quicldy spreads out into a thin film, 
bait wat^ or ice water, both of which are a little higher in surface 
tension than pme water at room temperature, are readily repelled 
by normal seedlings What appears to be a similar increase in inter- 
lacial tension can be seen when ice or salt water is placed on glossy 
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leaves, though drops will still be formed. Since normal leaves are 
so completely free from water and the drops on glossy ones are fairly 
frequent, a bed of segregating plants sprayed with salt solution or 
ice water can be classified a little more readily than when the usual 
method is used. 

Glossy seedlings are slightly more transparent than normal ones. 
This fact can best be observed by examining plants that are deficient 
m chlorophyll but segregating for glossiness When a glossy and 
a normal loaf from white or very light colored virescent seedlings 
are held up to the light, the glossy leaf will appear more trans- 
parent If the leaves are soaked m chloroform for 5 to 10 minutes 
this difference will disappear and the normal will transmit as much 
light as the glossy. Furthermore, if a normal green seedling is washed 
thoroughly with chloroform or immersed in it for about five minutes 
it will become almost indistinguishable from a glossy plant After 
this treatment the noimal seedlings will collect water drops just 
as do the true glossy ones The same effect may be produced with 
ether, but not with alcohol It should be mentioned that after the 
chloroform washing, although normal leaves will collect water readily, 
the shape of the drops suggests that the interfacial tension is slightly 
higher than on real glossy leaves However, this point requires 
further investigation with inore refined technic 

Figure 1 shows a glossy seedling and a normal seedling on which 
one leaf was treated with chloroform as described above 

It is significant that dried leaves may also be classified into normal 
and glossy by means of the water test. If the shape of the epidermal 
cells had any great influence on the glossy properties it would seem that 
drying the leaves should destroy the difference Furthermore, the 
treatment of dried normal leaves with chloroform will make them 
appear like glossy ones, as in the case of fresh leaves. 

COMPARISON OF YIELDS FROM GLOSSY AND NORMAL PLANTS 

A measure of the possible reduction m vigor, if any, associated 
with the glossy condition was obtained in the following manner 
A segregating generation of the corn was grown in rows 3 feet apart 
with single plants in each hill and the hills 1 foot apart One hun- 
dred and twenty-seven pairs of glossy and normal plants growing side 
by side were selected, and when mature, the ears of each plant were 
harvested individually. Care was taken to avoid having vacant hills 
either between the normal and glossy or in the nearest space on either 
side of the pair. The corn was then dried to a uniform moisture basis 
and the weight taken. In 61 of the pairs the normal plant was the 
more productive; in the other 66 pairs the glossy plant was the more 
productive. The average yield of normal plants was 102 09 gm and 
of the glossy plants 100.44, a difference of 1.65 ±4 32 gm. In har- 
mony with common observation, these results indicate that the pres- 
ence of the glossy character detracts little, if any, from the general 
vigor of the plant This vigor of homozygous glossy strains is one of 
the things that make the character particularly desirable for inherit- 
ance studies These results indicate that the glossy character may be 
valuable as a marker in inbred lines or in crosses of corn used for com- 
mercial production, so that oflF pollinations may be readily detected 
and rogued out. 
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FiGtniE 1 —A, Typical glossy maize seedling that has been sprinkled with water Note the water 
adhering to the surface B, Normal maize seedlmg The lowermost leaf has been washed with 
chloroform and the whole plant subsequently sprinkled with water. Several drops of water 
may be seen on the one leaf that is a manufactured*’ glossy 
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INHERITANCE STUDIES 

METHODS 

With a view to iinding its linkage relation, a pure gU culture was 
crossed with as many chromosome “markers^’ as were available. 
The work was started in 1927. The Fi progenies from these crosses 
were back crossed to the double recessive m each case when it was 
practicable to do so Some diflB.culty was experienced in getting 
double reccssives Where back crosses were not made the Fi progenies 
were selfed to produce an F 2 population, and segregation of glossy in 
relation to the other character was studied by that means 

Since the glossy character may be differentiated in the seedling 
stage, a cross involving any other seedling difference or an endosperm 
character may be grown m the greenhouse and counts made there of 
segregating generations This fact was taken advantage of in study- 
ing the crosses of glz with Ig^ sh, wx, ji^ and the four aleurone color 
factors C, R, andj;Pr.® 

The recombination values from the back crosses were calculated 
by dividing the number of crossover gametes by the total number, 
since the constitution of the gametes produced by an Fi progeny can 
be read directly in a back cross. In the case of the F 2 populations, 
recombination percentages and their probable errors were calculated 
from tables compiled by Immer (d), which are based on the work of 
Fisher and Balmukand (5). 


Table 1. — Linkage relations of gk with the su-Tu group in maize 


Culture No 

Year 

Gene 

Linkage phase 

Number of individuals “ 

Total 

popu- 

lation 

Recombi- 

nation 

percentage 

AB 

Ab 

aB 

ab 

H76 

1928 

sw, 

Rfipnlsinn . 

2,078 
78 ! 

653 

924 

43 

3,698 

686 

25 l=b0 48 

11200X11210 

1929 

m 

Repulsion, back cross. 

255 

271 

82 

23 3dbl 08 

11260X119 

1930 

au -- 

Ro.pillsinTi __ 

148 

576 

614 

169 

1,507 

26 6rl= 77 

n26xn77 

1928 

Tu,, - 


1,093 

172 

107 

1, 195 

2,567 

10 88± 41 


« Aa standb for Qh gh, Bb represents the other factor pair 


LINKAGE RELATIONS OF Gh WITH THE m-fw GROUP 

Table 1 gives the results of two back crosses and of one F 2 popula 
tion which show that glz is linked with su. The F 2 generation, con- 
sisting of 3,698 individuals, gave a recombination percentage of 25.1 ± 
0.48 In one back cross, which numbered 686 plants, there was a 
recombmation value of 23.3 ± 1.08 and m the other back cross, which 
contained 1,507 plants, there was a recombmation value of 26.6 ± 0.77. 
The variations in these percentages (23 3, 25.1, and 26.6) do not appear 
significant in the light of their probable errors. 

One back cross involving gk and Tu was obtained. The result here 
was a recombmation percentage of 10.88 ± 0.41. 

According to the most recent summary of Emerson and his cowork- 
ers, data published by Jones and Gallastegui in 1919, and later and 
more extensive data from Eyster and from Emerson, give an average 


6 The genetic symbols used in the text are as follows glu glossy seedling, gh, glossy seedling, glz, glossy 
seedling, sh, shrunken endosperm, wx, waxy endosperm, fl, floury endosperm, FI, flinty endosperm, au 
sugary endosperm, F, yellow endosperm; Tu, tunicate ear, isi, tassel seed, br, brachytic, vz, virescent seed' 
ling, Ig, liguleloss leaf, gt, golden plant, A, C, R, and Pr, aleurone color factors, B, mtensifier of plant color 
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mbination value of 28 6 per cent for su and Tu Therefore the 
tion of the genes is su-gU-Tu, The mean of the three crosses here 
)rted involving su gave a distance of 25 uruts from su to gl^ The 
ance from glz to Tu (10,88) added to this gives a total of approxi- 
ely 36, as compared to 28 6 for the distance from su to Tu The 
ance, then, from su to Tu as previously repoited is 7 4 units less 
a the sum of the distances su to gl^ and gl^ to Tu according to the 
a here presented The probable error of the diffeience, 7 4 units, 
lid be about 1 unit or slightly more since the probable errors of the 
:age values concerned are all of approximately that size. In other 
’ds, this difference, though not very large, is statistically significant 



Figure 2 -Seedlings from the segregating back-cross generation of the cross H260XH9 made m 
1930, photographed in the greenhouse 


his IS as it should be if the amount of double crossing over between 
wo genes is directly proportional to their distance apart (7). 

Figure 2 shows the seedlings from the segregating back-cross genera- 
lon of the cross H260XH9 made in 1930. (Table 1.) This cross 
^as made m the repulsion phase, that is, gk gk Su Su X Gk Ok su su. 
Lhe seedlmgs shown m the lower right half of the illustration are from 
jtarchy seeds, while those in the upper half are from sugary ones. 
Lhe seedMgs were sprinlded with water 3ust before the picture was 
.aken and the glossy ones may be distmguished by the drops of water 
)n them. It will be noted that there are many more glossy seedlmgs 
in the starchy group. 
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Table 2 — Eecomhtnahon values for Gh gh loith factor pairs in known linkage 

gioups in maize 
[Linkage phase, lopulsion F 2 I 






Number of individuals « 

Total 

Recom- 

Cultuio No 

Year 

Geno 

Linkage group 


popula- 

bination 





AB Ab aB ab 

tion 

percentage 

1175 - 

1928 

sh 

C~wx 

2, 703 818 810 304 

4,635 

53 OrtO 71 

Hiq9__ 

1929 

iS/l 


2, fi72 711 801 238 

4 322 

5T 0d= 76 

1173 

1928 

V}X 

C-wx 

1, 964 661 722 222 

3^ *169 

4X 7-t. 86 

1175 

1928 

R 

E-qx 

2, 580 941 808 306 

4, 635 

50 5d= 73 

H72 

1928 



R~gi- 

1, 049 844 322 281 

2, 496 

51 1±1 00 

H76 

1928 

i?.__ 

R-gi 

1,642 897 676 291 

3, 506 

46 6dr 88 

H79-_ 

1928 

tSi 

B-lg 

1, 199 361 314 79 

1,953 

47 5d=l 17 

H78- 

3928 

l(f - 

B-lg^.... 

677 264 265 SO 

1,286 

46 4=bl 46 

H7L_ - 

1928 

FI 

B-lq. 

1,239 1,177 374 399 

3, 189 

51 6d= 88 

H71-- - 

1928 

Y. 

Y-Pl 

1,793 623 597 176 

3, 189 

47 7db 92 

1182 

1928 

br 

P-br 

1, 049 245 293 67 

1,654 

49 6±1 25 

H72 

1928 

Pr 

Pr-V2 

649 400 202 120 

1,371 

49 5d=l 37 

n76-- 

1928 

Pr 

Pr~V2 

1, 285 157 483 193 

2, 318 

55 1± 99 

11199- 

1929 

Pr 

Pr-V 2 

2, 420 863 770 269 

4,322 

49 7=b 77 


“ Aa stands for Gh gh, Bb stands for other factor pair concerned 


PROOF OP INDEPENDENCE OF gh FROM SEVERAL LINKAGE GROUPS 

In Table 2 data are presented from 16 F 2 populations, ranging from 
about 1,300 to 4,600 plants. Each of these populations gave a recom- 
bination percentage not deviating significantly from 50 per cent. The 
genes employed are sh, wxj Rj tSi, Iqj FI, Y, hr, and Pr These data 
indicate that gU is not carried in chromosome groups 0-wx, R-gi, 
B-lg, Y-Pl, P-hr, or Pt-^v^ 

SUMMARY 

The homozygous glossy condition {gU) has little, if any, effect on 
the general vigor of a corn plant The tiue difference between noi- 
mal and glossy seedlings appears to he m the leaf cuticle. Exactly 
what this difference is has not been determined. 

Inheritance studies have placed glz in the su-Tu linkage group. 
The order of the genes is su-glz-Tu, 
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EFFECT OF THE HYDROGEN-ION CONCENTRATION OF 
THE SOIL ON THE GROWTH OF THE BEAN AND ITS 
SUSCEPTIBILITY TO DRY ROOT ROT ^ 

By Waltee H. Bukkholder 

Professor of Plant Pathology ^ New Yotk (Cornell) Agricultural Experiment Station 

INTRODUCTION 

A more thorough knowledge of the environmental factors that 
affect the common bean (Phaseolus mlgans L ) infected with the root 
parasite Fusarium martii phaseoli Burk, should be of considerable 
economic value In certain sections of western New York the root 
rot caused by this organism is enphytotic, but the severity of the 
disease varies greatly, not only m different years but in different 
fields during the same year. In one field the lower roots of infected 
plants may be entirely rotted, leaving the plants supplied only by the 
surface roots; while in a neighboring field only the cortex of the tap- 
root and the finer rootlets will be invaded. In the latter case the 
reduction m yield is scarcely noticeable 

Certain environmental factors have been studied which might alter 
the severity of the disease and thus explain conditions such as those 
just described. It is the belief of Reddick ^ and of the writer ^ that 
while the soil temperatures found in the bean-growing sections of 
New York State may greatly influence the growth of the bean plant, 
they do not materially affect the course of the root-rot disease. Soil 
moisture, on the other hand, although a factor of some importance, 
has been found by the writer ^ to act only in a mechanical manner. 
If there is sufficient moisture m the soil, the roots, even though 
severely rotted, are able to supply water and inorganic food to the 
plant in such quantities that the reduction in yield of seed is slight. 
If the soil is dry, however, the yield may be reduced as much as 50 per 
cent A third factor studied by the writer^ directly concerns the 
pathogene When Fusarium martii phaseoh is grown m pure culture 
its virulence is considerably reduced although such an attenuated cul- 
ture may be restored to normal by growing it for several months on 
its host, the bean plant It seems probable, although it has never 
been demonstrated, that a similar condition takes place in nature. 
After the fungus has grown saprophytically in the soil for a number 
of years it may cause only a light infection of the bean roots, but 
continued association with its host may build up its virulence. 

The factors of soil moisture and the attenuation of the pathogene 
do not appear, however, to explain adequately all variations in the 
disease which are observed in the field Other environmental factors 

1 Received for publication June 17, 1931, issued March. 1932 

2 Reddick, D effect op soil temperature on the growth of bean plants and on their suscep- 
tibility TO A root parasite Amei Jour Bot 4 513-519 1917 

3 Burkholder, W H the effect of two soil temperatures on the yield and water relations 
OF healthy and diseased bean plants Ecology 1 113-123, illus 1920 

^ THE EFFECT OF VARYING SOIL MOISTURES ON HEALTHY BEAN PLANTS AND ON THOSE INFECTED 

BY A ROOT PARASITE Ecology 5. 179-187 1924 
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that might affect its development were therefore sought The 
hydrogen-ion concentration of the soil is known to alter the course of 
certain plant diseases, and a few preliminary observations indicated 
that it might affect the development of the dry root rot of tlie bean 
Accordingly, an investigation was undertaken to dete nine the 
influence of this factor on (1) the growth of the plant and (2) on its 
susceptibility to attack by the dry root-rot organism. 

It has been the general feeling among growers that an alkaline soil 
is necessary for a good production of beans, and tins idea has crept 
into certain textbooks on vegetable gardening and field crops Scat- 
tered references to beans in the reports of the extensive, but by no 
means recent, experiments conducted at the Rhode Island Agricul- 
tural Experiment Station on the effect of soil acidity and Inning on 
plant growth indicate that the bean readily tolerates acid soils 

The present investigation was divided into two parts* (1) Experi- 
ments conducted in the greenhouse, in which many of the external 
factors were controlled, and (2) field surveys in the bean growing 
section of New York State 

GREENHOUSE EXPERIMENTS 

Two series of controlled experiments were conducted, one during 
the early months of 1927 and the other in 1928 The experiments 
followed in outlme earlier tests conducted by the writer on the rela- 
tion of soil moisture to this disease. Glazed jars of 1-gallon capacity 
filled with a lich garden loam of known hydrogen-ion concentration 
and water-holding capacity were used. The pH of the soil at the 
beginning of both the experiments was approximately 5 10. The 
hydrogen-ion concentration was determined electrometrically, a quin- 
hydrone electrode being used. The water-holding capacity of tlie 
soil was determined by the Hilgard 1-cm cup method 

In the first set of experiments, 50 culture vessels divided into 10 lots 
of 5 each were used One lot was left untreated, and the hydrogen-ion 
concentration of each of the remaimng lots was adjusted by the addi- 
tion of sulphuric acid or sodium hydroxide In 4 lots the hydrogen- 
ion concentration was increased by the addition of sulphuric acid. 
To each vessel in lot 1 was added 30 c c of a normal solution ol sul- 
phuric acid, and to each jar in lots 2, 3, and 4 were added, respectively, 
70, 125, and 210 c. c. In 5 lots of vessels the hydrogen-ion concen- 
tration of the soil was lowered by the addition of a normal solid hm of 
sodium hydroxide in the following quantities: To each vessel in lot 1 , 
26 25 c c.; lot 2, 52 c c.; lot 3, 87 5 c c ; lot 4, 122.5 c c ; and lot 5, 
175 c c The treated jars were allowed to stand until the soil became 
friable, and the soil was then mixed thoroughly and softened. This 
was necessary in the case of jars receiving Targe amounts of sodium 
hydroxide because the surface soil in these vessels became baked on 
drying 

The seed used in the experiment was a pure line of Wells Red 
Kidney At the time of planting (March 13) a culture of the bean 
nodule organism was introduced into each vessel A water suspension 
of spores of a recently isolated strain of Fusanum mart%% phaseoh was 
poured about the seed in three vessels in each lot of five, and an equal 
quantity of sterilized water was added to the check vessels The soil 


« Bubkhoider, W H Op.eit (See footnote 4 ) 
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moisture throu«:lK)Ut the entire scries was held as uniform as possible 
by tlie method used in jmwious experiments At tlic beginning of the 
experiment the inoisturo content was adjusted to 50 per cent of the 
water-holding (uipacity of the soil When the seed germinated all 
seedlings but. two wwe removed, and the soil moisture was lowered to 
45 per cent of its w^ater-liokhng capacity. This percentage w^as main- 
tained until blossoming time, when it was further lowered to 35. 

The (lata obtained in tliis set of experiments are shown in Table 1. 
Three (ilie<dv <mltures had to be discairded because of chance infection. 
The cultures are arranged iii the table according to the amount of 
aiad or alkali that ea<ih group received, and this arrangement follows, 
more or less, the hydrogen-ion concentration of the soil The pH 
determinations w^ei’e made at planting and at harvest The hydrogen- 
ion concentration, it will be noted, decreased steadily in all vessels 
except four, and tlie change in a few others was slight This decrease 
was on both untreated soil and on soil treated with acid and with 
sodium hydroxide. 


Table l~The effect of vaiious liydt ogen-ion concentrahons of the soil, determined 
at planting and at harvesting ^ on the yield of healthy bean plants and on those 
infected with Fvsanuni marlii phascoh 



p n of the Mill 



pH of the soil 


Experiment No " 



Yiehl 

K\porimcnt No « 



Yield 


\t plant- 

At luu- 



At plant- 

At har- 



liiK 

vesting 



mg 

vesting 





Or atm 




Grams 

in 

(i 71 

7 27 

5 18 

250 

5 13 

5 94 

8 34 

20 

(> 75 

7 10 

4 48 

201 

5 13 

5 30 

6 70 

31 

fl 67 

0 75 

2 22 

271 

5 07 

5 i)0 

5 18 

4L 

6 73 

0 75 

91 

•;!HT 

5 10 

5 69 

7 46 

r)l 

f) (>9 

0 85 

a 09 

29C 

4 80 

5 39 

5 34 

fi(^ 

6 34 

0 75 

5 12 

301 

4 85 

5 34 

6 02 

71 

fl 30 

6 ()8 

2 97 

311 

4 88 

6 18 

4 98 

81 

6 31 

6 72 

(> 00 

321 

4 88 

5 31 

4 40 

01 

6 28 

0 70 

4 07 

33C 

4 06 

4 77 

4 64 

lOO 

5 70 

0 32 

5 40 

34G 

4 02 

5 00 

3 70 

XKJ 

5 02 

0 73 

5 87 

3.51 

4 00 

4 67 

3 00 

121.. 

5 78 

0. 3{) 

5 21 

301 - 

4 03 

4 88 

4 31 

131 

0 07 

0 71 

5 26 

371 

4 66 

4 89 

2 20 

14£ 

5 05 

6 53 

0 24 

38G-— 

4 43 

4 57 

1 49 

1,00 

5 02 

h 50 

8 72 

300 

4 44 

4 44 

1 65 

if,r 

5 00 

0 05 

4 54 

4or 

4 39 

4 72 

1 05 

171 

5 54 

0 10 

5 91 

411 

4 31 

4 47 

61 

isl 

5 (i.l 

(» 14 

5 09 

421 

4 42 

4 70 

1.07 

lOO 

5 41 

0 30 

7,28 

430 

4 10 

4 10 


200 

5 50 

(> 08 

0 85 

440 

4 09 


09 

2II 

5 40 

5 40 

5 37 

451 

4 09 

4 25 


22’' - 

5 41 

5 ()(» 

5 30 

401 

4 11 

4 04 


2.11 ' 

5 47 

5 93 

0 10 

471 

4 09 

4 19 

33 

210 

5 12 

5 60 

7 53 






« W'hen oxporiinent nunibois aie followed by C, they refer to chocks, when by I, they refer to moculatod 
plants 


A possible objection to this set of experiments is that the hydrogen- 
ion concentration of the soil does not extend to the alkaline side of 
neutrality Preliminary tests on adjusting small quantities of this 
soil with sodium hydroxide showed that it should reach a pH of 8. 
However, because of the large quantities of soil used and the method 
of handling, it was not possible to obtain pH values above 7. On the 
other hand, when the soil was adjusted with sulphuric acid the 

7 BuRKriopPKR, W n. Op, cit. (Soe footnote 4 ) 

107319—32 6 
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hydrogen-ion concentrations determined m the preliminary tests 
were reached. 

A second experiment was conducted in the caily inontbs of 192S. 
This experiment differed from the first in that an acid soil was used 
and the hydrogen-ion concentration was adjusted with bydiated 
lime Forty-five culture vessels wore divided into nine lot-s of five each 
Lot 1 remained untreated, but to each jar m lot 2, 4 giu of liino was 
added and to each jar m the remaining lots the application wuis 
successively increased by 4 gm The lime was thoroughly mixed 
with the soil and allowed'to stand for eight days, the moisture (‘.on tent 
being held at 50 per cent of the water-holding capacity At the end 
of the eighth day lime was still visible in the jars that received large 
applications In order that an equilibrium might bo hastened all 
the jars were steam sterilized The result of this process was not 
entirely satisfactory, however, for the hydrogen-ion concentration of 
the soil in all the jars decreased appreciably, whether or not they had 
received an application of lime Nevertheless, the experiment was 
continued since the series covered the alkaline side of neutrality, the 
side that had not been reached in the previous experiments ^ Except 
for the use of lime and the sterilization of the soil, these jars were 
handled like those in the first experiment. The data collected are 
presented in Table 2 Where some of the check cultures are missing 
it IS due to the fact that the plants became infected and wore discarded. 


Table 2 — The effect of various hydrogeur-ion concentrations of the soil at time of 
planting^ podding^ and harvestingj on the yield of healthy bean plants and on 
those infected with Fusanum martii phaseoh 



pH of the soil 

Experiment 
No « 

At plant- 
ing 

At pod- 
ding 

At har- 
vesting 

10 

8 43 

7 76 

8 27 

20 

8 04 

7 69 

7 82 

31 

8 11 

7 69 

7 66 

41 

7 72 

7 72 

7 79 

51 

7 89 

7 56 

7 79 

60 

8 09 

7 69 

8 23 

70 

S 03 

7 77 

8 11 

81 

8 01 

7 79 

8 25 

91 

8 03 

7 79 

8 28 

101 

7 84 

7 29 

7 61 

no 

7 83 

7 62 

8 01 

121 

7 86 

7 59 

8 30 

131 

7 91 

7 44 

7 97 

141 

7 89 

7 89 

7 86 

15C 

7 47 

6 71 

7 66 

160 

8 21 

8 08 

8 35 

171 

7 78 

7 07 

7 59 

181 

7 90 

7 49 

7 94 

191 

7 92 

7 52 

7 74 

900 __ 

8 08 

7 89 

8 05 

211 

7 44 

7 30 

7 54 



Experiment 
No “ 

pH of the soil 


Yield 

At plant- 
ing 

At pod- 
ding 

At har- 
vesting 

Yield 

Grams 

1 57 

221 

7 76 

6 06 

4 49 

Grams 

4 03 

231 

7 66 

7 34 

7 74 

6.12 


24C 

7 51 

7 30 

7 44 

6 10 
4. 74 

.28 

251 

7 40 

7 08 

7 27 

95 

261 

7 27 

6 98 

7 05 

3 87 

4 72 

271 

7 30 

7 35 

7 52 

7 92 

4 90 

280 

7 15 

7 42 

7 17 

8 62 

4 85 

29G 

7 24 

7 07 

7 Oh 

H 17 

4 37 

301 

7 30 

7 32 

7 32 

6 92 

20 

311 

6 73 


6 61 
7.37 

f) 51 

7 05 

321 

7 67 

7 47 

3.27 

6 15 

33C 

6 91 

6 90 

G 44 

7 72 

2 90 

341 

6 03 

6 10 

6 31 

4 82 

5 97 

351 

7 24 

7.42 

7 07 

4 92 

5 70 

361 

6 90 

6 86 

6 96 

1 88 

7 56 

37C 

6 41 

6 48 

6 61 

1.75 

6 15 

38C 

6 41 

6 02 

f) 90 

1 32 

3 01 

391 

5 87 

6 80 

6 87 

3 06 

4 75 

401 

6 00 

6 98 

6 61 

2 77 

7 67 

411 

6 34 

6 50 

6 05 

6 27 

6 98 







« When experiment numbers are followed by 0, they refer 
plants 


to checks, when by I, they refer to inoculated 


The data in Table 2 are grouped in a manner similar to those in 
Table 1; that is, according to the amount of lime that each jar 
received This arrangement follows, only in a general way, the 
hydrogen-ion concentration of the soil. The soil reaction of j ars under 
like treatment varied considerably for no apparent reason, and the 
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variation from planting time to liarvest was not always consistent. 
While a uniform senes of <nilturos would have been highly desirable 
it was not absolutely necessary, since the object of tlie experiment 
was to determine wlietlun* or not the hydrogen-ion concentration of 
the soil at any degree would have an inhibiting eHVct U])on the disease 

In Tables 1 and 2 an attempt was made to use the yield of seed 
in each (ndture vessel as an index of the amount and severity of the 
root rot present This attempt, however, was not snccossfnl. There 
appeared to be too many fmdom besides root rot that mfhienced the 
yield iSonu^ of these w^ere unknown and otheis were dillicnlt to con- 
trol. l\)r exam])le, m the second set of experiments the greenhouse 
m which the ])lants were growing was very warm for seveial days at 
blossoming time because of the brightness of the sun, and many 
blossoms dropped The drop was uneven, and at harvest time it 
was noted that certain plants, in the check cultures expecially, had 
endeavored to even up this inconsistency by the pi’oduction of late 
blossoms. The pods from these blossoms did not produce seed, how- 
ever, so no iCGord of them appeai-s in the data 

In spite of the variations m yield shown m Tables 1 and 2 it may 
be seen that there is a decided tendency for plants from inoculated 
seed to produc.e fewer seed than the check plants. Moreover, this 
decrease in yield of plants from inoculated seed does not vary in any 
direct relationship with the hydrogen-ion concentration, and this at 
least would indicate that soil reaction has no effect upon the root 
rot of the bean. Furthermore, disregarding the data on yields, the 
same conclusions were reached when the roots of the plants wore 
examined at harvest time. All roots of inoculated plants appeared 
to be equally infected, scarcely any variation in the severity of in- 
fection being discernible This last observation is of greater im- 
portance than the data on yield, and mainly because of this finding 
further experiments of tins type were discontinued. 

Before leaving these expeiiments, however, it should be pointed 
out that the data in Table 1 seem to indicate that the red kidney 
bean will grow well in a soil with a fairly high hydrogen-ion concen- 
tration. A decrease in yield of healthy plants occurred only after 
the pH of the soil had dropped below 5. 

FIELD SURVEYS 

Along with the two sets of greenhouse experiments a survey of bean 
fields m western New York was made during August in 1928 and 1929. 
The surveys were made each year at as nearly the same time as pos- 
sible so that the data would be comparable if a seasonal variation in 
the hydro^en-ion concentration of the soil occurred. On these sur- 
veys the following procedure was employed; First, the variety of 
beans was determined and an estimate was made of the yield, then 
the degree of severity of root-rot infection was noted. If other 
diseases or factors were present that might contribute to a decrease in 
yield they, too, were recorded A group of bean plants was then 
selected which appeared typical of the field at large and three samples 
of soil were taken about the bean roots within a foot or more of each 
other.^ While the hydrogen-ion concentration might vary over the 
field, it was felt that a determination should be made near a typical 
group of plants. The three soil samples were mixed, placed in a paper 
bag, and taken to the laboratory for pH determinations. 
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In 1928 the survey began in southern Monroe County and pro- 
ceeded south through Genesse County into the white marrow section 
of Wyoming County. The high alkaline soils were found in the lime- 
stone area near Garhut and the acid soils about Ferry and Castile 
The data from this survey arc shoivn in Table 3 In 1929 the aiirvev 
was made in some of the newer bean-growing sections, whereas in 

1928 the survey was made in a section where beans had been grown for 
many years This probably accounts for the fact that more fields 
were found to be contaminated with Fusanum maiUi phaseoh th<( 
first year than were found the second year The data collected in 

1929 are presented in Table 4. 

Table 3 — Hydrogen-ion concentration of the soil of bean fields contaminated with 
or fiee from the root parasite Fusanum martii phaseoh 

[Determinations made August, 1928] 


1 - 

2 - 

3- 

4- 

5- 

6 - 

7- 

8 - 

9 , _ 

10 . 
11 . 
12 . 

13- 

14- 

15- 
16. 
17- 
18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 
25- 
26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 


Sample No 


pH of 
soil 


Vaiiety grown 


E\tont of infection 


Yield of 
Loans 


8 07 
8 64 
8 45 
8 30 
7 96 
7 75 
7 66 
7 32 
7 03 
6 93 
6 88 
6 83 
6 04 
6 68 
6 31 
6 25 
6 05 
6 02 
5 95 
5 78 
5 54 
5 32 
5 29 
5 27 
5 27 
5 19 

5 02 

6 02 
5 00 
4 99 
4 99 
4 97 
4 95 


Pea 

do 

do 

do 

Medium. 

Pea 

do 

Red kidney 

Marrow 

Blue pod medium 

White mauow— 

do 

Red kidney 

White maiiow— 

do 

Red kidney- 

White marrow— 

Red kidney 

White marrow— 

do 

do 

do 

do 

do 

do 

do 

Yellow eye 

White manow 

Yellow eye 


Sevoro. 
None.,. 
Sovoie.. 
Light- 
-do-. 


Trace.. 
None... 
Light- 
-do.. 


Model ate. 

Sevcio 

Moderate. — 

Tiaco 

Very severe. 

--do 

Light 

Moderate... 

Light 

do 


.do 

Very severe - 

Trace 

Modeiate-.. 

Seveie 

Very soveio- 
-do 


Tiace., 

Light 

Modciato- 

Light 

Trace 

None 

Tiaco 


Pool 

Excellent 

Pair 

Oond 

Fail 

Pool " 

Good 

Pan 

Good 

Fan 

Fan 
Good 
Pool 
Do 
Do *• 

^ (P 

Good 

Do 

Fair 

Pool 

Good. 

Do. 

Pair 

Pool 

Do 

Do 

Good. 

Pool 

Good. 

Fair 

Good 

Fan 


« Anthracnose also present m the field which might have deci eased yield 
6 .\nthracnose and bacterial blight also present and might have decreased yield. 
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Table 4. — Ilydrogen-ion coiicmU ahon of the soil of bean fields coniavnnaied with 
01 free fiom the root parasite Fusanum mar in phaseoh 

[Detoimmalions made August, 1929] 


S.unpio No 

pH of 
£)Oil 

Vauety grown 

Kxtent of infection 

Yield of 
beans 


8.30 


Very severe 

None 

__ 

2 

8 19 

do 

Trace 

Pool « 

3 

8 19 

While inariow 

Light-. 

Good 

4 . - _ 

8 18 

Kod kidney 

Trace 

Fair 

5 

8 08 

White marrow 

Soveio* 

Poor 

ii 

7 97 

do 

do 

Do 

7 

7 84 

Ued kidTi(4y_ 

None 

Good 

8 

7 84 

P(4J1 " _ _ _ _ 

Trace 

Do 

0 

7 79 

Hfld kwhiAy. , . 

None. 

Do 


7 57 

White mairow 

Moderate 

Fair 

11-.- - - . 

7 4<) 

ItAd kidnAy 

Trace 

Good 

12 

7 47 

Tlliifl pndf? _ _ _ _ . 

do 

Fair 

13 

7 40 

White mairow 

None 

Good 

14 

7 35 

Bed kidney 

Trace 

Fair, 

15 

7 34 

White nifl.rro w 

Severe 

Poou 

H) 

7 32 

Bed kalney 

Trace 

Good* 

17 

7 29 

do 

None 

Fair c 

18 

7 2.5 

do 

Light 

Good 

19 

7 25 

White mnrrow 

do 

Do 

20 

7 08 

do 

Veiy se\ore 

Poor ^ 

21 

7 07 

do 

Tiace 

Do « 

22 

7 03 

Pea 

Severe— 

Do 

2,1 

7 03 

White marrow 

Trace 

Good 

24 

() 98 

Bed kidney 

Light 

Do 

25 

() 91 

White marrow 

Moderate 

Fair 

26 

0 91 

Pea - 

None— 

l^oor “ 

27 

6 71 

While marrow 

Moderate 

Good 

28 

6 70 

<lo 

None - 

Poor 

29 

0 51 

White iTnperiji.l_ 

do— — 

Good 

30 

6 44 

Bed kidney 

do 

Fair « 

31 

0 39 

-.-do 

do ----- 

Do 

32 

6 27 

Pea 

do 

Good 

33 

6 02 

White marrow 

Moderate 

Poor « 

34 

5 97 

Pea 

None.— 

Fair 

35 

5 90 

Be(l kidney _ 

-----do 

Good. 

36 

5 80 

Pea 

do 

Do. 

37 

5 70 

-- do _ . 

do 

Fair 

38 

5 68 

(lo 

Light 

Do.c 

39 

,5 62 

Bed kidney 

do— 

Do. 

40 

5 ,54 

White kidney . . 

Trace.- 

Do 

41 

5 48 

Pea. 

Severe 

Poor 







" Dry weather may have decreased yield 

I^laiitod late, which may have decreased yield 
« Ihictorial blight may ha\e decreased yield 
^ Insects may have decreased yield 

Tables 8 and 4 show that severe infection may be produced by the 
root-rot organism in a soil of fairly high hydrogen-ion concentration 
(pH 5 0) and in an alkaline soil (pH 8 0) as well This is in harmony 
with the data gathered in the greenhouse experiments. The tables 
show further that the range of hydrogen-ion concentration of the soil 
in the bean-growing section of New York is not a limiting factor in 
crop production A good yield may be produced in both acid and 
alkaline soils, and this also agrees with the data in Tables 1 and 2. 
If certain varieties of beans are less acid tolerant than others it is not 
apparent from these surveys. 

CONCLUSIONS 

The bean plant {Phaseolus vulgaris) appears to be little affected by 
the hydrogen-ion concentration of the soil, and thrives well in an acid 
or in an alkaline soil 

In the bean-growing section of New York State the susceptibility 
of the bean plant to Fusarium marhi phaseoli is not affected by the 
hydrogen-ion concentration of the soil. 




RELATION OF TEMPERATURE TO ANTHESIS AND BLOS^ 
SOM DROP OP THE TOMATO, TOGETHER WITH A HIS- 
TOLOGICAL STUDY OP THE PISTILS ' 

By Ora Smith ^ 

P’orinorly Assistant Professor of Horticulture, Oklahoma Agricultural Expeiiment 

Station 3 

INTRODUCTION 

Under certain conditions and in practically all parts of the country 
large numbers of tomato blossoms fail to set fruit This abortion and 
dropping of flowers may be so great as to reduce the crop materially. 
Abscission, which results in the dropping of the flowers, may occur 
before, during, or^ shortly after an thesis This problem has received 
attention ^ from investigators throughout the country. Usually, 
however, it has been considered from the standpoint of the nutrition 
of the plant and the influence of unfavorable weather conditions. 
It is not known whether these conditions ajffect the formation of the 
embryo sac, the fertilization process, or the development of the 
embryo and endosperm. This paper presents (1) the results of 
observations on the effect of temperature on anthesis and blossom 
drop and (2) the results of a histologic study of normally developing 
and dropping blossoms, with special reference to the development 
of the embryo sac, embryo, and endosperm. 

REVIEW OF LITERATURE 

Thompson^ has enumerated the following as possible causes of 
blossom drop: (1) A sudden appearance of cold or cool weather when 
the iilants are in blossom; (2) hard rains which may wash away the 
pollen or otherwise affect pollination; (3) very hot, dry weather, 
especially drying winds; (4) injury by thrips; and (5) rapid vine 
growth resulting from an excess of nitrogen in the soil 

Investigations to determine the causes of the shedding of tomato 
blossoms have been carried on in Oklahoma for at least 14 years by 
Morris, Booth, Herron, ^ Cross, and White.® These investigators 
have studied the following as probable causes: (1) Extremely hot 
weather, (2) overrapid growth due to an excess of nitrogen fertilizers, 
(3) lack of proper nutrients in the soil, (4) deleterious substances in 
the soil, (5) insect injury, (6) hot dry winds, (7) lack of moisture, (8) 
extremes of temperature, (9) varietal susceptibility, (10) poor pollina- 
tion, and (11) low humidity. ^ Morris conducted variety, pruning, and 
soil-fertility tests but obtained successful results of only minor 
importance. He also shaded some of the plants but apparently found 
no duect evidence of the cause of the trouble. Booth continued the 
varietal studies, and also inaugurated studies m the relation of 
humidity, irrigation, diseases, thrips, and pollination to fruit produc- 

J Received for publication July 13, 1931, issued March, 1932. 

2 The author is indebted to Ephraim llixson and John Faulkner for assistance m a part of this investi- 
gation 

3 Now assistant professor of vegetable ciops, New York (Oornoll) Agiicultural Experiment Station. 

i Thompson, H C vegetable crops 478 pp , illus New Yoik 1923 
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tion. The number of fruits produced under conditions resulting from 
irrigation was increased 18 per cent. Herron concluded Irom the 
results of windbreak tests that hot dry winds have little cjrcct on the 
dropping of the blossoms. Blossom drop was not reduced by shading 
the plants nor by prumng and training them Heavy ferblization 
with so^um nitrate, potassium sulphate, and acidulated rook ])hos- 
phate applied in sepai’ate plots likewise failed to reduce the amount 
of blossom drop. Thrips, Euthrips tritm projectm, wore found in 
abundance, but no constant relationslup was observed between the 
number of thrips present and the number of blossoms that dropped. 

Radspinner ® continued the work at Oldahoma for several years, 
and in 1922 summanzed the data. He noticed that the dropping was 
most severe when soil moisture was deficient or when the temperature 
was high or the humidity low. Fertility of soil influenced but slightly 
the dropping of blossoms 

Cross, working at Oklahoma in 1924 and 1925, divided the fruiting 
season into three periods. He found that blossoms wore shed at all 
times during the season, but that the percentage shed was low during 
the first and third periods and high during the second. By far the 
greater number of blossoms produced durmg July and August were 
shed. Cross also found that a large percentage of shedding blossoms 
had injured floral parts This he attributed to the fact that hot dry 
wmds withdraw moisture from the organs, causing them to_ blacken 
and die. This mjury prevents normal pollination and fertilization 
He concluded that the greater part of the blossom drop was caused 
by excessively hot dry winds and intense heat of the sun^ 

Kendall ^ thinks that physiological conditions within the plant, as 
influenced by soil moisture and fertihty, are the chief causes of floral 
abscission in the field. KraybiU ® showed that the number of blos- 
soms that dropped was influenced by the amount of available mineral 
nutrients under conditions of uniformity with respect to other 
external factors. 


MATERIAL AND METHODS 


All the tests were made at the Oklahoma Agricultural Experiment 
Station. The Bonny Best vanety of tomato, grown during 1929 as a 
fall crop m the greenhouse and handled in a commercial manner, was 
used in these studies. All plants were pruned to one stem. Collec- 
tions for the study of the development within the pistils after anthesis 
were made at certain intervals after emasculated blossoms had boon 
hand-poflmated. PoUmations were made on the day of anthesis. 
Samples of naturally abortmg flowers and emasculated, unpollinatod 
flowers were collected at the same time that collections^ developing 
flowers were made. The pistils were killed and fixed in Karpechenko’s 
solution, dehydrated, embedded m paraflfln, sectioned, and stained in 
the usual manner, fiaidenhain’s haematoxylin stam was used. For 
tracing poUen-tube growth the sections were also stained with resorcin 
blue after the second iron-alum solution in the schedule for the 
haematoxylin stain. 


6 Badspinneb, W a effects of certain physiological factors on blossom drop and yield of 
TOI^TOES Amer Soc Hort Sci. Proc (1922) 19* 71-76 1923 

mr! ABSCISSION OF FLOWERS AND FRUITS IN THE SOLANACEiE, WITH SPECIAL REFERENCE 

^ [347H28, lUus 1918 (Thesis, Ph. D., Univ Calif,, 1917) 
OF NUTRITION ON TOE NUMBER OF BLOSSOMS PER CLUSTER AND THE DROP 
PING OF BLOSSOMS IN THE TOMATO Amer Soc Hort. Sci ProG (1925) 22 371-374 1926 
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During the spring and summer of 1930 information was obtained as 
to the time and amount of anthesis and the time and amount of 
abortion of these flowers on plants grown out of doors Ten plants 
of equal size and ago were selected for study. The number of flowers 
opening each day on the different plants from June 8 to July 17 and 
the number dropping each day from June 12 to July 16 were recorded. 


Table 1 — Tomato anthesis f 7 om June 8 to Juhj 17, 1980 


Date 



Number of flowers opening on plant 



Total 

Aver- 

age 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

June 8 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 2 

9 

1 

2 

0 

1 

0 

0 

0 

0 

0 

0 

4 

4 

10 

1 

2 

0 

1 

0 

1 

0 

0 

0 

0 

5 

5 

11 

3 

2 

4 

1 

1 

0 

2 

0 

2 

0 

15 

1 5 

12 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

4 

4 

13 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

.2 

14 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

3 

.3 

J5 

1 

0 

0 

2 

2 

0 

1 

0 

1 

0 

7 

7 

16 

0 

1 

2 

1 

0 

2 

0 

2 

0 

1 

9 

9 

17 

3 

3 

1 

2 

2 

2 

1 

0 

1 

0 

15 

1 5 

18 

1 

4 

2 

1 

3 

1 

3 


2 

1 

19 

1 9 

19 

2 

6 

3 

0 

3 

5 

2 

6 

0 

5 

38 

3 8 

20 

2 

4 

4 

2 

2 

2 

4 

2 

3 

3 

28 

2 8 

21 

3 

2 

3 

2 

3 

1 

2 

3 

2 

0 

21 

2 1 

22 

3 

2 

2 

3 

1 

3 

2 

2 

3 

0 

21 

2 1 

23 

1 

2 

1 

1 

2 

1 

1 

2 

0 

0 

11 

1 1 

24 

2 

4 

3 

4 

0 

2 

2 

6 

0 

2 

31 

3 1 

25 

3 

6 

1 

5 

3 

2 

2 

2 

2 

5 

31 

3 1 

26 

1 

2 

2 

2 

3 

7 

5 

7 

5 

0 

34 

3 4 

27 

1 ' 

h 

2 

t) 

1 

7 

1 

4 

1 

1 

30 

8 0 

28 

1 i 

3 

2 

13 

2 

2 

6 

6 

3 

7 

44 

4 4 

29 

3 

3 

2 

6 

2 

3 

2 

5 

3 

3 

31 

3 1 

30 

0 

1 

1 

0 

2 

0 

1 

3 

1 

0 

9 

9 

July 1 

1 

1 

1 

0 

2 

3 

2 

3 

2 

4 

19 

1 9 

2 

1 

4 

0 

0 

4 

1 

5 

5 

4 

4 

28 

2 8 

3 

5 

0 

4 

1 

3 

1 

5 

1 

2 

3 

25 

2 5 

4 

3 

2 

2 

0 

3 

2 

4 

3 

1 

0 

20 

2 0 

5 

1 

1 

1 

3 

6 

3 

6 

2 

7 

2 

32 

3 2 

6 

2 

2 

1 

0 


0 

6 

2 

6 

3 

27 

2 7 

7 

3 

0 

2 

1 

0 

1 

2 

2 

0 

2 

13 

1 3 

8 

1 

1 

1 

3 

3 

3 

5 

2 

2 

2 

23 

2 3 

9 

0 

0 

4 

2 

2 1 

4 

4 

2 

1 

1 

20 

2 0 

10 

1 

0 

0 

2 

0 

2 

1 

1 

1 

3 

11 

1 1 

11 

3 

0 

« 

3 

2 

C 

3 

2 

1 

3 

23 

2 3 

32 

2 

1 

2 

4 

3 

3 

5 

0 

3 

5 

28 

I 2 8 

13 

5 

0 

6 

3 

3 1 

3 

6 

0 

2 

4 

32 

I 3 2 

n 

2 

0 

3 

2 

0 1 

3 

7 i 

0 

4 

5 

31 

3.1 

15 

2 

1 

1 

0 

2 

2 

5 i 

3 

0 

1 

17 

1 7 

10 

2 

1 

4 

4 

1 

1 

2 

1 

0 

0 

10 

1 6 

17 

4 

2 

2 

4 

1 

2 

3 

1 

0 

1 

20 

2 0 

Total. 

73 

73 

70 

90 

84 

82 

108 1 

1 

82 

65 

72 

799 



OBSERVATIONS 

INFLUENCE OP TEMPERATURE ON ANTHESIS AND BLOSSOM DROP 

Table 1 gives the number of flowers that opened each day on the 
different plants from June 8 to July 17. After July 17 the taking of 
records was discontinued. The data show that tomato plants have 
no one definite flowering peak. In most plants there was a large 
production of flowers from June 14 to 29, and this was followed by 
a series of production peaks until the records were discontinued. 
The coefficient of correlation of temperature and amount of flowering, 
when temperature and anthesis for the same day are considered, was 
— 0.21. However, if temperature affects anthesis, some time must 
elapse between the time that the effect is exerted and the visible 
effect on flowering. For this reason the coefficients of correlation 
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of temperature 1, 2, 3, and 4 days before the day of anthesis and the 
amount of floweiing were calculated The coefficient of cowolation 
of temperatm’e 1 day before anthesis and the amount of flowering was 
— 0.139; of temperature 2 days before anthesis, 0 113; of temperature 
3 days before anthesis, 0.499 ; but for 4 days before anthesis it dropped 
to 0.435. It therefore appears that there is approximately a. 3-day 
lag between the time that temperature affects anthesis and the time 
that the effects become visible 

The growing season of 1930 was extremely dry; loss than 2 inches of 
ram fell during the growth of the plants, that is, up to the time the 
records were discontinued. Flowering may also be dependent upon 



rainfall or soil moisture as weU as temperature. This may explain 
the lack of better correlation between temperature and anthesis. 

Table 2 and Figure 1 give the number of flowers that ffiopped each 
day from the same 10 plants from June 12 to July 16, when the records 
were discontinued. 

An analysis of the data m Figurell indicates that the relation of 
temperature to blossom drop is similar to the relation of temperature 
to anthesis. The coefficient of correlation of temperature and amount 
of blossom drop, when temperature and blossom drop for the same 
day are considered, was 0 413 The value of r when temperature 
1 day before blossom drop is considered was 0.476; for 2 days before 
the drop, 0.499; for 3 days before the drop, 0.68; but for 4 days before 
the drop the value of r decreased to 0 63. As m the case of tempera- 
ture and anthesis, these data mdicate that there was a 3-day lag 
between the time that temperature exerted an effect on blossomdrop 
and the time that the effect became visible. 
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Tabltii 2 —Blossom-drop data on tomatoes from June 12 to July 16, 1920 



.Observations indicate that the amount of blossom drop was greatly 
increased by low humidity, hot dry winds, and low soil moisture. 
This finding agrees with the results obtained by Cross at the Oldahoma 
station in 1924 and 1925. During the periods of high temperature 
and low humidity, practically all the styles elongated abnormally 
In most instances this elongation occurred before the flowers opened 
and before the anthers dehisced, (PI. 1, A ) Thus the stigma and 
style wore exposed to the desiccating winds and they soon became 
wilted and dried up. Practically 100 per cent of such flowers abort. 

ABORTING AND DEVELOPING PISTILS 

The external characteristics typically distinguishing the aborting 
from the developing flowers are a yellowing pedicel and pistil, shriveled 
blossom, and the development of the abscission layer. Aborting 
flowers drop naturally or readily fall when jarred or touched. 

Development of Embryo and Endosperm in Normal Pistils 

The ovules of the tomato are very numerous, conipletely covering 
the free surface of the placenta. (PL 1, B ) The integument con- 
sists of a thick band of tissue closely surrounding the nucellus. It 
IS often di ffi cult to differentiate the mtegument from the nucellus. 
As the embryo sac enlarges the cells of the nucellus become much 
enlarged and elongate perpendicularly to the embryo sac. (Pis. 2, 
C, and 3, A.) 
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At an thesis the embryo sac has reached the mature Cf>.e: stiiKt'. 
The IS a large densely staining nucleated cell (PI 1 , C.) 'Hic 
synergids can be seen at the nneropylar end of the eniluyo sac 12 
hours after anthcsis. (PI 1,_D) Fuithcr dovolopmeul. of the 
embryo_sac does not take place for more than <S2 hours alter anthesis. 
(PI. 1,”^), and pi. 2.) Development of the endosiierm after this 
period is very rapid and is well ahead of the growth of (Jio (unliryo 
(PI. 3, A, B, C, D.) Within 94 to 130 Jiours after [lollination dolinite 
walls have appeared m the endospcim. At 190 hoius after anthesis 
the embiyo has reached the stage whore dilferentiation into the 
dermatogen, periblom, and plerome is just beginning (PI. 3, P ) 
The endosperm has contmued to enlarge and lay down separaXing 
walls; at 190 hours after anthesis the endosponn has completely filled 
the embryo sac. (PI 3, E.) At 224 hours after anthesis the embryo 
has grown very rapidly by division of the cells in all four tiers. The 
division Imes between the four groups of cells are very clear The 
dermatogen tissue of 1-cell thicloicss is very conspicuous and conies 
well down over the sides of the embryo. (Pi. 4, A ) The inner colls 
of the mtegument appear to break down, and at this stage the en- 
dosperm does not completely occupy the embryo sac At 237 houis 
after anthesis the embryo and endosperm arc much larger, having 
grown very rapidly and the periblom initials and suspensor have 
appeared. (PI. 4, B.) 

Development of Ovules and Embuyo Sacs in Aborting Pistils 


The embryo sacs of abortmg tomato pistils never developed beyond 
a weak mature egg stage The embryo sac and ovules had not 
developed any farther at 190 hours after anthesis than they had at 
anthesis. (PL 4, C, D, E, F, G.) Other changes in the ovules and 
embryo sacs are characterized by a light-staimng reaction of the cells, 
very small egg cell and nucleus, and a breakmg down of the nuccUus 
and cells of the integuments. The egg cell of the developing pistil 
is larger than that of the aborting pistd of the same age (Compare 
pi. 2, B, with pi. 4, 0, and pi. 3, A, with pi. 4, D.) Although the 
embryo sacs of the aborting pistils have not developed beyond the 
egg-ceH stage at 190 houra after pollination, the embryo sacs of the 
developing pistils are completely filled with the many-celled endosperm 
and the embryo has developed at least to the 16-cell stage. (Compare 
pi. 3, F, with pi. 4, G.) 

DISCUSSION 


The abortion of the pistils studied was not duo to lack of pollina- 
tion, for all flowers were hand-poUinated. Growth of the ovules and 
embryo sac had ceased at the time of anthesis, when the flowers woulcl 
normally be pollinated. Although the actual fertilization process was 
not observed in this study, imtiation of growth of the embryo and 
endosperm was found to occur between 82 and 94 hours after pollina- 
tion. This was determined by a comparison of the development of 
the embryo sacs at these two stages. The egg cell of the embryo sac 
in the aborting pistils was smaller at all times than that of developing 
pistils. 

The results here shown do not preclude the contention that lack of 
pollination and fertilization or unfavorable conditions, such as hot 
dry winds, may cause pistil abortion and flower dropping. Observe- 




A, Normal tomato flower at the left, all others show abnormally elongated styles previous to 
anthesis, X H, B, portion of pistil, showmg development of ovules at anthesis, X 120, C, ovule 
and embr\o sac 2 hours after pollination, X 340, D, 12 hours after pollination, X 650, E, 36 
hours after pollination, X 340 
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PLATE 3 



Relation of Temperature to Blossom Drop of the Tomato PLATE A 



A, 0 videand embyro sac of tlie tomato flower 224 hours after pollination, X 650, B , ovule and embryo 
sac of the tomato flower 237 hours after pollmation, X 340, C, section of ovule of aborted pistil 50 
hours after^pollination, X 340, D, aborted ovule 94 hours after pollmation, X340, E, the same as D, 
^ pollmation, X 650, E, the same as D, 106 hours after pollmation, X 340, Q , the same 

as D, 190 hours after pollination, X 340 . ^ , , « « 
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tions iiiaclo at Oklalioiua by the writer and also by Cross show that, 
even though pollinated, a groat many flowers may drop during unfa- 
vorable weather. Plate 1, A, shows the reaction of style growth to 
low humidity, hot dry winds, and low soil moisture Only the flower 
at the extreme left has a stylo of normal length. These flowers have 
not yet roachod antliosis. Note the dark-colored stigmas which are 
(liying lip and colhipsing, rendering pollen germination and pollen- 
tube growth unlikely. 

Dorsey,'' woi-king with potato flowci-s, concluded that there are 
]>hysiological innucnccs ojicrating independently of pollen or pistil 
development which cause the flowers to drop He found evidences of 
disintegration in some embryo sacs, but on the whole they appeared 
to be undergoing the usual growth up to the time they were cut off 
when the flower dropjied. Young states that degeneration changes 
in the ovules and embryo sacs of potato flowers appear to result from 
unfavorable environmental conditions and may occur at any stage. 
In the late raegasporo stage, blasting is accompanied by the shriveling 
of both the mogaspore or embryo sac and the cells of the nuceUus. 

Pollcn-tubo growth in the tomato appears to be very slow. In 
Plate 5 it may be soon how short the growth of pollen tubes is 24 hours 
after pollination. This section shows only one twenty-fifth of the 
total length of the stylo As pollen-tube growth is not initiated 
immediately after pollination, the actual growth shown in Plate 5 
probably occurred m much less than 24 hours. Because of this slow 
growth of the pollen tube, the stigma, style, and pollen may be de- 
stroyed in periods of unfavorable weather before the pollen tubes 
reach the embryo sac. That this does occur is indicated by the high 
percentage of abortions observed when weather conditions are unfa- 
vorable. The plants from which these flowers were selected were 
grown in a greenhouse at temperatures ranging from 60° to 75° F. 
The soil moisture and the humidity of the atmosphere were favorable 
for good growth and fruit setting. The probable cause of the drop- 
ping of these flowers was the low nutrient supply in the soil or the 
inability of the plant to distribute properly and adequately the 
elaborated nutrients to the fast-developing embiyo. 

SUMMARY 

The tomato plant has no one definite flowering peak. Flowering 
seems to bo largely dependent upon soil moisture and temperature. 
The temperature existing approximately three days before anthesis 
appears to have the greatest influence upon flowering. 

Blossom drop is greatly increased by hot dry winds and low humid- 
ity as well as by low soil moisture On 10 plants under observation 
47.4 per cent of the flowers aborted. There is a lag of approximately 
three days between the time that temperature exerts an effect on 
blossom drop and the time that the effect becomes visible. 

During periods of hot dry winds and low soil moisture the styles 
elongate abnormally, even before anthesis. Few flowers that have 
elongated styles in hot dry weather develop normally and set fruit. 


9 Dorsey, M J a note on the DRorriNO of flowers in the potato Tour Heredity 10 226-228, 
iHus 1919 

10 Young, W. T this formation and degeneration op germ cells in the potato Amer Jour 
Bot 10 325-335, illus 1923 
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At anthesis the embryo sac of the normal pistil had reached the 
mature egg cell stage. Under greenhouse conditions no further 
development of the embryo sac took place for more than 82 hours 
after anthesis Initiation of growth of the embryo and endosporin 
occurred between 82 and 94 Sours after pollination. At 190 hours 
after pollination the embryo had developed to the stage where dif- 
ferentiation into the dermatogen, periblem, and plcromo was just 
beginning. 

The embryo sacs of aborting pistils never developed beyond a very 
weak egg cell stage. 
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POLLEN ANTAGONISM IN COTTON* 

H\ 'I’noMAs II kKMtNKv, Principal Physwloqist, in Charge, and George J 
II viiitiKON, AxMicialc Agiommixl, Division of Egyptian Cotton Bleeding, Bureau 
of Plant Jniliisiri/, United Blalcs Department of Agriculture 

INTRODUCTION 

^ Tlio writers (24)'^ have shown that when emasculated flowers of 
iPima Egyptian {Ga^mipium harbadense L ) or of upland cotton {0, 
Ihtrmtym. L ) are pollinated with a mixture of pollen from both types 
I selective fertilization in favor of the like pollen results The popula- 
tions resulting from the double pollinations in the earlier experiments 
(24, Table II) yielded the data given in Table 1 From 67 to 82 per 
vent of tlie plants were of the type of the female parent; whereas, if 
there luul been no selection among the pollen grains, only 50 per cent 
of the plants would have been of this type and the others heterozy- 
gous (Pima X uiiland or upland X Pima, Fi) The departure from 
a 1 , 1 ratio was very significant in each of the populations, the magni- 
tude of indicates, m every case, chances more than 100 to 1 that 
the departure was not fortuitous 

Table 1 — Evidence of selective /utilization lohen emasculated flowers of Pima 
Egyptian and of Lone Star and Acala upland cotton were pollinated with both 
kinds of pollen j as shown by the percentages of homozygous plants in the resulting 
populations 


Poiihilo parent 

Pollens applied » 

Plants 

grown 

Homozy- 
gous plants 

X® of depar 
tures of 
numbers 
observed 
from 
numbers 
expected in 
the absence 
of selective 
fertilization 

Pinui 

Pima and Lone Star 

Number 

1,280 

542 

682 

618 

Per cent 

67 6±0 88 
77 6=bl. 21 
82 8± 97 
67.7±1.27 

158 6 
365 2 
293 5 
77.5 

Ivone star 

' do 

Pima 

Pitna and Acala 

Acala...- 



« in each of the 4 populationis, one-half of the flowers were pollinated first with the like pollen and then 
w ith the unlike pollen, while on the other half the sequence was reversed, It was thought that combining 
1 he subpopulations from the 2, sequences of pollination would give an approximation to the results expected 
if the 2 pollens had been mixed together m equal quantities before being applied to the stigmas Since 
the subpopulations representing the 2 sequences of pollination were of unequal sire, instead of basing the 
percentage of homozygous plants, as given in this table, on the actual number of such individuals m the 
combined population, the average of the percentages of the 2 subpopulations was taken In computing the 
probable error of this average percentage, n was taken as twice the number of plants m the smaller of the 
subpopulations It is these modified numbers that are given under the heading Plants grown ” 

! Evidence was given in the paper cited (24) that the preponderance 
j of homozygous individuals is not attributable to any lack of compati- 
I bdity between these types of cotton or to differences in the viabilitjr of 
the two pollens or to selective survival at any stage after fertilization 


1 Received for publiciitionBept 2i, 1931, issued April, 1932 

2 Reference is made by number (italic) to Literature Cited, p 224, 
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was accomplished Indications also were obtained that such tubes of 
the unlike pollen as succeeded in penetrating the ovary had grown as 
rapidly as the tubes of the like pollen. Further investigation has 
yielded additional information on tJiese points, which is given in the 
present paper 

A hypothesis [ormulated by the writers in attenpiting to e\])lain tlu'. 
observed facts {24^ p 329) assumed that the like pollen stimulates a 
reaction m the tissues of the pistil, making the latter an unlavorable 
medium for the development of the unlike pollen If this assumption 
is well founded, it follows that the more intimately the two pollens 
are in contact on the stigmas the greater the selective effect should be 
The results of an experiment in which this test was applied are given 
m this paper The question as to whether the like pollen must bo 
present in a viable condition in order to exert an inhibiting effect upon 
the unlike pollen has been investigated also 

It has been shown by Jones {21) that in maize the degree of selective 
fertilization depends in large measure upon the degree of consanguinity 
of the two forms, usually being greatest between"forms that are most 
distantly related Experiments to determine whether this is the case 
m cotton, also, are described in this paper 

^ The experimental work was done at the United States field station, 
Sacaton, Ariz In all experiments the flowers were emasculated in 
the evening before the day of anthesis and were pollinated the follow- 
ing morning For information concerning the structure and ontogeny 
of the cotton flower, m relation to pollination and fertilization, the 
reader is referred to an earlier publication by one of the writers (22, 
PI I-IV, VI, and VII) 

Pollen grains of the two types used in these experiments, Pima 
^^iid upland cottons, are shown m Figure 1. 


POSSIBLE ALTERNATIVE EXPLANATIONS OF OBSERVED 
PHENOMENA 


It js obvious, of course, that effects similar to those of selective 
lertilization would result from pollinations with mixed pollen if there 
were a difference in the compatiMity of the two forms involved, or if 
the- two ])ollens ditTcred in viability, or if there were selective survival 
j in lavor ol one or the other class of zygotes Furthermore, selective 
i lertilization might occur in the absence of any mutually antagonistic 
' action of the two pollens if the rate of growth of the tubes differed 
consistently The conclusion was reached that none of those explana- 
tions applied to the results previously published This conclusion is 
supported by the results of the mvestigations reported herein 


CONDITIONS PRODUCING EFFECTS SIMILAR TO THOSE OF SELECTIVE 
FERTILIZATION 

Relative Compatibility op the Pollens as Indicated by Degrees op 

Fertilization 

^ ™ earlier paper by one of the writers {2Si, 
1 able 2S) that pollen of upland cotton, when present alone on the stiu- 
mas of Pima Egyptian cotton flowers, effected fertihzation in a degree 
equal or even superior to that effected by Pima pollen when present 
stomas Additional data as to the mutual com- 
fhf vS of these cottons have been obtained m later expenments, 
tne results of which are summarized m Table 2 
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Table 2 — Mutual compatibility of the two types of cotton as shown by degtees of 
feihUzation effected by pollen of Pima Egyptian aJid of upland cotton (Lone Stn) 
and Acala vaneties) when applied sepaiately to stigmas of one oi the other type, 
mcasiaed by the peiccntaqe of bolls letnined and the mean numbe) of seeds pei boll ® 


^ ear 

Exper- 

iment 

No 

FoUiiidtion 

? lowers 
pollinated 

Bolls re- 
tained 

Seeds per 
boll 



rPima X Pima 

Numher 

99 

Per cent 

99 0±0 67 
96 Oil 32 

J\Iean num-^ 
her 

15 6i0 24 
17 Oi 20 



1 Pima X Lone star _ . _ . 

100 



1 




Difteience. 



3 Oil 48 

1 4i 31 

1922 

1 




1 Lone Star X Lone Star.__ 


99 

22 2i2 82 

30 lil 14 
24 3il 30 



1 Lone Star X Pima_ ^ 

100 

12 0i2 19 







i Difference 



10 2i3 57 

5 8il 73 








PimaXPima. . _ 

Pmia X Lone Star - - . 



-iO 

50 

92 0i2 59 
82 0i5 66 

1 15 3i 38 
17 6i 36 







Differemc 



10 0i4 49 

2 3i 52 

J9i2 

3 




Lone Star X Lone Star 

Lone Star X Pima 

- 

49 

50 

49 0i4 81 
42 0i4 72 

33 3i 88 
31 5i 69 







Difference 



7 0i6 75 

1 8il 12 








fPima X Piina 


03 

92 5il 84 

15 6i 22 

16 7i 25 

1925 

7 

iPima X Acala 


97 

94 8il 52 



[ Difference 



2 3i2 39 

1 li 33 








fPiTTia V Pima _ . _ 


100 

65 0i3 22 

16 2i 23 

1927 


1 Pima V Acala . . - _ _ .1 

j 100 

66 0i3 22 

17 5i 24 

2 

< 




1 Difference 



0 i4 55 

1 3i 33 








r Pima V Pima _ 


101 

97 Oil 15 1 

18 Oi 21 



IPimaVAoala. _ _ 

100 

93 Oil 72 

18 2i 23 







Difference 



4 0i2 07 

2i 31 

1928 

1 




1 AomIa V Acala .. _ _ . 


50 

98 Oil 33 

33 Oi 25 



1 Acala V PimA _ _ 

50 

96 Oil 87 

31 li 51 







Different e . . 



2 0i2 30 

1 9i 57 



1 



“The much heavier rate of boll .shedding in upland as compared with Egyptian cottons is lefiected in 
t he much lower percentages of bolls retained from pollinations on the upland plants m the experiments 
of 192? The effect of removal of most of the early flowers is seen in the high percentage of bolls retained 
on the Acala plants in the experiment of 1928 The mean number of seeds per boll is, of course^ much 
greater in the large 4-lock or 5-lock: ujiland bolls than in the small, mostly 3-lock, Pima bolls 

The data m Table 2 show no significant differences for either cotton 
in the percentages of bolls retained from pollmation with like and with 
unlike pollen As indicated by this ciitenon, the two pollens are equally 
efficient when applied separately to the stigmas of either type In all 
the experiments except that of 1928, in which there was practically no 
difference, the mean number of seeds in the Pima bolls w’^as significantly 
greater when the flowers were pollinated with the unlike (upland) pol- 
len than when they^ were pollinated with the like (Pima) pollen In the 
three experiments in which the results of pollinations on upland plants 
were compared, the mean number of seeds in the upland bolls was 
greater when the flowers had been pollinated with the like (upland) 
pollen than when they had been pollinated with the unlike (Pima) pol- 
len, and the difference was significant in two of these experiments 

So far as may be concluded from the data at hand, it appears that on 
^the Pima stigmas the fertilizing ability of the unlike (upland) pollen 
Usually is somewhat greater than that of the like (Pima) pollen and 
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that on the upland stigmas there is usually a difference m lavor ol the 
like (upland) pollen. As a result of these differences, the action of se- 
lective fertihzation in favor of the like pollen would be ])aitly counter- 
acted in the Pima flowers and somewhat exaggerated in the upland 
flowers. Somewhat greater viability of the upland pollen seems to be 
indicated by those comparisons, although, as will be shown in the fol- 
lowing section, tests in sugar solution have shown no consistent difler- 
ence m the viability of the two kinds of pollen. 

Helative Viability op the Pollens as Indicated by Behavior in Sucar 

Solutions 

No very satisfactory artificial medium for the germination of cotton 
pollen has been devised (^). Observation of the germination of the 
pollen when placed on the stigmas of cotton flowers is diflficult because 
the pollen tubes can not be distinguished readily from the hyaline pro- 
jections of the stigmatic surface It was discovered by A E Longley * 
that pollen of Piina and of upland cotton germinates readily when 
placed on corn silks, although care must be taken not to have the 
surface too moist, as otherwise the grains burst. Doctor Longley 
noted that both on corn silks and in an artificial medium of 2 per cent 
agar 4- 15 per cent cane sugar the tendency to bursting is greater in 
Acala upland pollen than in Pima pollen. He also observed that the 
tubes from the smaller upland pollen grains are only about halt the 
diameter of the Pima pollen tubes and grow much more rapidly than 
^ ;the latter in this medium 

1 Observation during several seasons at Sacaton, Ariz., has shown that 
upland cottons produce much nonviable pollen during the early part 
of the summer and durmg periods of high humidity, while throughout 
, the season the pollen of Pima cotton usually contains but a small 
proportion of nonviable grams This difference would have seriously 
impaired the results of experiments in selective fertilization had not the 
precaution been taken of defemng such experiments until observa- 
tion indicated that the viability of the two pollens had become 
approximately ecpial 

Tests of pollen viabihty have been made in a 5 per cent solution of 
cane sugar, m w^hich medium, and also in distilled water, the grains 
explode suddenly instead of germinating slowly as they do when placed 
on cotton stigmas The term pseudogermination'' was applied by 
Andronescu (Jf) to this sudden extrusion of the contents of the grain 
{22, 22-25), It seems justifiable, however, to regard the proportion 
of the total number of grains in the field of the microscope that extrude 
! their contents in these media as an indication of the relative viability, 
I because it is the abnormally small and the abnormally large grains that 
fail to explode. 

In the earlier experiments the viablity of the two pollens, Pima and 
upland, was tested by the method just described ( 24 , p* 332), and no 
significant difference was detected. Similar tests were made m connec- 
tion with some of the experiments described in the present paper and 
will be considered in relation thereto No mdications were obtained 
of differences in viability of such magnitude as to impair the evidence 
in favor of selective fertilization. 


® Unpublished work 



Feh 


Pollen Aniagonifim w Cotton 


195 


Differential Survival of Homozygotes and Hetbrozygotes 

The criterion of selective fertilization used in all the experiments has 
been the percentage of homozygous (like X like) individuals in the 
I resulting population This criterion would be open to serious objec- 
tion if there were differential survival of either class of plants at 
germination or in some later stage of growth If the homozygous 
indi\iduals survived in relatively greater number, the effect would 
be the same as that of selective fertilization in favor of the like pollen. 
On the other hand, better survival of the heterozygous plants would 
counteract the effect of selective fertilization in favor of the like pollen 
or, if the difference in rate of survival were great enough, it might 
create the appearance of selective fertilization m favor of the unlike 
pollen 

Determinations of weight and of percentage of germination were 
made on the seeds resulting from separate apphcation of the two 
pollens in experiment 1 of 1922 (Table 2 ) The results, summarized ^ 
in Table 3, indicate that the heterozygous seeds, obtamed by fertili- 
zation with unlike pollen, were somewhat heavier and germinated, 
better The difference in percentage of germination was of consider-^ 
able magnitude between the seeds from upland flowers polhnated 
with hke and with unlike pollen, respectively It may be assumed, 
therefore, that whatever differential survival occurs at germination 
favors the heterozygotes and prevents the full expression of selective 
fertilization in favor of the like pollen 

Table 3 — Relative germination of seeds obtained by pollinating floioers of Pima 

Egyptian and of Lone l^tar upland cotton with pollen of each type sepaiafely 


Pollination 

Mean weight 
of 50 seeds “ 

Mean ger- 
mination 

Pima X Pima 

Grams 

6 44d=0 03 

6 76=b 03 

Per cent 

85 9=fcl OS 
91 0d= 86 

Pima X upland 

DilTerence - - 

32d= 04 

5 1±1 38 

Upland X upland 

6 29d= 05 

6 76± 20 

57 2=t2 11 
74 4d=l 86 

Upland X Pima 

Dillerenco - 

47± 21 

17 2±2 81 



« The weights were (ietormined on lots of 50 seeds each, distributed among the se\eral pollinations as 
follows Piina X Pima, 30, Pima X upland, 32, upland X upland, 13, upland X Pima, 5 The means 
were computed from the weights of the several lots representing each pollination 


In connection with the experiments on selective fertilization per- 
formed m 1922 and described in an earlier publication, consideration 
was given to the question whether there had been differential survival 
at any stage from germination to the time when the plants weie 
large enough to distinguish with certainty between the homozygotes 
and the heterozygotes The conclusion was leached that selective 
survival at or after germination, as indicated by comparing the per- 
centages of hybrids where the conditions were more favorable and 
less favorable to the growth of the plants, had not been an important 
factor m bringmg about the observed results Indirect evidence was 
presented that the results are not attributable to selection between 
the homozygotes and heterozygotes at any stage between fertilization 
and germination (^4, P SSS-SS5), 

At the time these experiments were performed the soil of the 
Sacaton station was only very locally and nowhere seriously infested 
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with nematodes Subsequently, however, pronounced infestation 
took place. It has been found at this station that cotton of the Egyp- 
tian type IS much more susceptible than upland cotton to injury by 
these organisms, which fiequently cause heavy moitality juiiong the 
plants of Pima and other Egyptian varieties, especially in the s(hh1- 
ling stage It has been observed, also, that the Pima X u[)la.nd 
plants aie less susceptible to such injury than the Pima ])lants, 
although more so than the upland plants There is good reason to 
believe that selective suivival of the heterozygous plants, due to this 
factor, has invalidated some of the results obtained in ie(‘ent years, 
as will be discussed in connection with the experunents involved 


DIFFERENTIAL GROWTH RATE OF POLLEN TUBES AS A CAUSE OP SELECTIVE 

FERTILIZATION 


The occurrence in cotton of selective fertilization m favor of like 
pollen IS believed to have been proved by the evidence that dilfer- 
ences m compatibility and viability of the pollens and rate of survival 
do not account for the observed excess of homozygous plants in the 
populations liom mixed pollinations The question next to be con- 
sideied is whether the selection is due to differential growth rate of 
the pollen tubes 

Evidence has been obtained by Jones and other investigators {21 
p 10-34) that in maize and other plants selective fertilization is 
due to diffeiences in the rate of development of the two pollens, 
conditioned, piesuniably, by genetic differences in the determmeis for 
pollen-tube growth Direct observation of growth of the pollen tubes 
in the pistils of the cotton plant has not been attempted, but two 
indirect methods of calculating the relative rates of growth have been 
employed. The first method involved the pollination of diffeient 
individual flowers, some with like and some with unlike pollen The 
pistils were excised at the summit of the ovary at stated intervals 
after the pollen was deposited, and the degrees of fertilization attained 
in each period with each land of pollen were compaied This will ho 
leferred to hereafter as the excision method ^ 

The second method, used by Correns in his studies of selective fer- 
tilization in Melandnum (Lychnis), assumes that m plants whose 
ovaries contam many ovules vertically superposed, if two pollens are 
applied that differ in then rate of tube growth, the faster growing 
pollen will fertilize the upper ovules first and if the quantity of pollen 
IS limited the lower ovules will be left to fertilization by the slower- 
growing kind If the resulting seeds from the upper and the lower 
I half of the capsule are planted separately, a higher percentage of 
' hybrids from the lower seeds than from the upper seeds would there- 
fore indicate that the tubes of the unlike pollen had grown more slowly 
~ than the tubes of the like pollen, and vice versa ^ 


111 Studies of Oenothera by Henbert-Nilsson (18, 19) and of Melandnum bv 
Correns (S) The term certation” (^rtation) was used by Henbert-Nilsson to designate difterential 
Sienomenon ^ Harland ( 14 ) suggests the term “agonisis," meaning a^struggle, for Uiis 

^ Correns (8, p SS8~Sil) pollinated flowers of a recessive white-flowered race of Melandrimn rubritm 
^ ) first with pollen of a dommant red-flowered race and several hours later with 
from the upper and the lower part of the resulting eapSes 

As.m.larmethodwasu«HibyH.oA(W 
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Growtet Rate Tested by Excision Method 

POLLENS APPLIED SEPARATELY’- 

111 an expeiiment (No 3) performed in 1922, flowers on plants of 
Pima and of Lone Star upland cotton were emasculated in the eve- 
ning and pollinated the following morning, some with the like and some 
with the unlike pollen, giving foui different pollinations Pima X Puna, 
Pima X upland, upland X upland, and upland X Pima The flowers 
representing each pollination were then divided into lots of approxi- 
mately 50 each, and the styles and stigmas of the several lots were re- 
moved, by excision at the summit of the ovary, at successive intervals 
The excisions were made at 5, 8, and lip m of the day of pollination 
and at 5 a m of the day following, coriespondmg, respectively, to the 
following number of hours alter the pollen was applied 8, 11, 14, and 
20 ^ In an approximately equal numbei of floweis representing each 
pollination the styles and stigmas were not excised, and these flowers 
served as controls The number of flowers of a given pollination, ex- 
cised at a given hour or left without excision, was in no case fewer than 
44 The bolls developing from these several treatments weie collected 
when they matured, and record was made of the number of bolls from 
each lot of flowers and of the number of seeds in each boll From 
these data the statistical constants m Table 4 were computed. 

The results from excision of the styles and stigmas at successive 
intervals, as given m Table 4, show that while the ovaries of a few of 
the Pima floweis had been penetrated within 8 and 1 1 hours after polli- 
nation by enough pollen tubes to msure retention of the boll, no bolls 
were retained by the upland flowers excised at these intervals This 
indicates a slower rate of growth of the pollen tubes m the upland 
pistils, especially as the average length of the latter above the summit | 
of the ovary is only about 60 per cent of the average length of the 
corresponding portion of the Pima pistils Even when excision was 
deferred until 14 hours after pollmation, the percentage of bolls re- 
tained, relative to that of the respective controls, was much greater 
from the Pima than from the upland flowers; but the number of seeds 
per boll, relative to that of the respective controls, indicated better 
fertilization of the upland than of the Pima flowers duiing this period. 

A comparison of the two pollens as to relative growth of their tubes 
in the pistils of each kind ol cotton shows that the rate of penetration 
of the ovary, as measured by the fertilization attained, was nearly the 
same for both pollens, in both the Pima and the upland flowers. 
Neither the percentage of bolls retained nor the mean number of seeds 
per boll differed significantly between the two pollinations on flowers 
of either type, with three exceptions Bolls matured frorn 2 of the 49 
Pima flowers pollinated with Pima pollen and excised after 8 hours, 
whereas no bolls matured from the upland flowers pollinated with 
Pima pollen and excised at the same time. Also, in bolls from Pima 
flowers excised after 11 hours and from those not excised, pollination 
with upland pollen gave a significantly greater mean number of seeds 
than pollmation with Pima pollen ^ So far as may be judged by the 


8 When comparison is made of the results from excision ^ter 14 hours with the results from the unexcised 
(control) flowers the relative mean numbei of seeds after 14 hours is seen to be considerably greater from the 
pollmation Pima X Pima than from the pollmation Pima X upland As percentages of the numbers from 
the respective controls, the values are 66 2 d= 4 1 and 39 7 ± 4 3 The probable errors were computed as 
the probable error ol the quotient Mean nrnnber . ot j^di, from l^hour e^^^^^ ^ 100 diflerence, 

^ ^ Mean number of seeds from control 

however, is hardly significant, bemg only 2 8 times its probable error 
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results obtained by this method, there is, however, no important and 
consistent difference m the rate of giowth of the tubes of the two kinds 
of pollen m the pistils of either type of cotton. 


Table 4. — Relative completeness of feihhzahon, as indicated by the percentage of 
bolls retained and the mean number of seeds per boll, in floweis of Pima Egyptian 
and Lone Star upland cotton, pollinated with like and with unlihe pollen, from 
which the styles and stigmas had been temoved by excision at successive intei veils 
or had not been removed ^ 

[Experiment No 3,1922] 


Interval between pollination ami 
excision 


Pollination 


Bolls re- Seocis pel 
taineU boll 


8 hours 


Pima X Pima 

Pima X upland--. 

Difference 

Upland X upland 
Upland X Pima— 


Per cent Mean number 
4 ld=l H9 14 0=h2 8() 
0 0 


4 ld=l 89 11 


0 

0 


0=b2 HO 


0 

0 


Difference. 

Pima X Pima. - 
Pima X upland. 


14 0±3 31 4 9=1=1 m 

10 0=1=2 8t) 13 2=fcl 81 


Difference. 


4 0=h4 40 


8 3=h2 42 


11 hours. 


Upland X upland 0 0 

Upland X Pima 0 0 


Difference. 


Pima X Pima.. 
Pima X upland. 

Difference.. 


60 4d=4 77 8 b± 59 

54 0:1=4 75 7 Orb 74 


6 4d=6 74 


1 l>=b 95 


14 hours, 


20 hours. 


Control (not excised) 


Upland X upland. 
Upland X Pima... 

, Difference— 

TimaX Pima ... 
Pmia X upland . 

Difference- 

Upland X upland 
Upland X Pima.. 

Difference.. 

Pima X Pima 

Pima X upland.. 

Difference 

Upland X upland 
Upland X Pima.. 

, Difference. . 


8 3=b2 68 
14 0=b3 31 


5 7d=4 26 


76 0=b4 07 
78 0±3 96 


2 0:bh 68 


15 9=b3 73 
18 8±3 81 


2 9=b5 34 


92 0=fc2 69 
82 0d=3 66 


10 0=h4 48 


49 0±4 81 
42 0±i 72 


7 0±6 74 


27 2=b3 35 
25 3rbl.S7 


1 9=fc3 84 


15 Odb 57 

16 3db 45 


1 3=b 73 


32 l=bl 59 
32.9d=l 30 


8=b2 06 


15 3d= -38 
17 0=h .30 


2 3=b 52 


33 3=b 88 
31 5=b 69 


1 84:1 12 


« The heavier rate of boll sheddmg, characteristic of upland as compared with Pima cotton, is indicated 
by the much lower percentages of bolls retained from the upland flowers m comparison with those retamefl 
from the Pima flowers The mean numbers of seeds per boll are of course greater m the large 4-lock and 
5-lock upland bolls than m the small, mostly 3-lock Pima bolls 


Great variation in the rate of growth of individual pollen tubes is 
indicated by the data in Table 4. In a few of the Pima flowers the 
number of tubes that penetrated the ovary within 8 hours after pol- 
lination was sufficient to insure retention of the boll, but 20 hours were 
required to effect a degree of fertilization approximating that of the 
control flowers. Taking 33 mm. as the average length of the Pima 
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pistils from the summit of the stigmas to the summit of the ovary, 
the indicated variation in the mean hourly growth rate of the pollen 
tubes was from 1 65 mm (33/20) to 4 12 mm (33/8) In the upland 
flowers a sufficient number of pollen tubes to insure retention of the 
boll had not penetrated the ovary within 11 hours after pollination 
Assuming that at least 12 hours is required for penetration, and taking 
20 mm as the average length of the Lone Star upland pistils, the 
most rapid growth rate of the pollen tubes in the upland cotton pistils 
apparently did not exceed 1 67 mm (20/12) per hour, which is 
practically the same as the minimum computed for the rate of giowth 
in Pima pistils ^ 

Table 5 — Relative completeness of fertihzationy as indicated by the peicentage of 
bolls retained and the mean niimbei of seeds per boll, in floweis of Pima Egyp- 
tian cottony pollinated with like and with unlike polleriy from which the styles and 
stigmas had been lemoved by excision at successive mteivals a had not been 
lemoved 

[Experiment No 7, 1925] 


Bolls retained and mean number of seeds after indicated interval between 
pollmation and excision 


Pollination 

12 hours 

21 hours 

Control (not excised) 

Bolls re- 
tained 

Seeds 

Bolls re- 
tained 

Seeds 

Bolls re- 
tained 

Seeds 

Pima X Pima 

Per cent 

23 5d=2 88 
27 3d=3 02 

Mean 

number 

5 0d=0 67 1 
5 8=1= 40 

Per cent 

81 2±2 69 

82 6d=2 58 

Mean 

number 

13 3-tO 30 
16 4=b 28 

Per cent 

92 5=i=l 84 
94 8±1 52 

Mean 

number 

15 0=1:0 22 

16 7=fc 25 

Pima X upland 

Difference 

3 8±4 17 

8=fc 78 

1 4:t3 73 

2 Idb 41 

2 3=1=2 39 

1 l=fc 33 



In a similar experiment (No 7), perfonned m 1925, flowers on 
Pima plants were emasculated, and half of them were pollinated 
with Pima pollen and half with pollen of Acala upland cotton In 
approximately equal numbers of flowers of each pollination the styles 
and stigmas were excised at intervals of 8, 10, 12, and 21 hours alter 
the pollen was applied; a fifth lot was left without excision, as a con- 
trol Each lot comprised from 93 to 100 flowers There was no fer- 
tilization of the flowers excised 8 hours after pollination, and the 
number of bolls retained from flowers excised after 10 hours was only 
2 in the population Pima X Pima and 5 in the population Pima X 
upland The results from the later excisions and from the controls 
are given m Table 5 


7 The length of the pistil from the summit of the stigmas to the apex of the ovary w as measured at Saeaton 
m 1922 on 50 flowers each of Pima Egyptian and Lone Star upland cotton and in 1923 on 50 dowers each of 
Pima and of the Lone Stai and Acala varieties ol upland cotton The means obtained were as follow's 
(millimeteis) 



Pima 

Lone Star 

Acala 

1922 

32 2=1=0 16 
34 l=b il 

17 2=1=0 11 ^ 
22 6=h 17 


1923 - 

23 4=b0 15 

Average 

33 2 

19 9 





Determinations of the distance from the ape\ of the ovary to the uppermost ovule gave the following 
means 2 9 ± 0 03 mtn for Pima CIS flowers) and 2 3 db 0 08 mm for Lone Star (10 flowers) Since 
m the experiments described m this section the excisions were made at the apex of the ovary, only the 
distance from the summit of the stigmas to that point need be considered 
Under natural conditions the time available for penetration of the ovary is limited by the number of 
hours from the opening of the corolla and deposition of pollen to the abscission of the pistil at the summit 
of the ovary when the flower withers The mean length of this period, as determined at Sacaton in 1922 on 
50 Pima flowers, was 29 hours It has been observed that it is somewhat longer m humid, cloudy weather 
and shorter m dry, sunny weather 
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The percentages of bolls retained from the two pollinations did not 
differ significantly in any of the subpopiilations, but from flowers of 
which the styles were excised 21 hoiiis after pollination and from the 
unexcised (control) flowers the mean niiinber of seeds was signifi- 
cantly higher in bolls from flov/ers pollinated with unlike pollen 
(Pima X upland) than m bolls from flowers pollinated with like 
pollen (Pima X Pmia) The mean differences were 5 I and 3 3 
times their respective probable eriors These differences suggest a 
difference in the viability of the two pollens Tests m sugar solution 
of the pollens used in this experiment indicated ihat such was the 
case, as the pollen from several Pima flowers contained from 20 to 50 
per cent of defective grains, while the number of such grains in the 
samples of upland pollen was negligible There was, however, no 
appreciable difference in the rapidity and completeness of explosion 
of the normal grains of the two pollens. The pollmations were made 
with such a large excess of pollen grams that it is improbable that the 
content of defective grams in the Pima pollen was an important 
factor in the result 

Table 6 — Differences between Puna and upland cotton in rate of pollen-tube 
growth^ as indicated by the increase in mean number of seeds pei boll jiom the 
control flowers excised latei oi not at all ovei the mean numbei oj seeds pei boll 
from flowers excised earlier 


lear 

Expeii- 

meut 

No 

Pollination 

Intel val between 
pollination and 
excision 

Increase 
in mean 
number 
of seeds 
m the 
contiols 

Shorter 

Longer 




IToars 

lloun 




Pima XPiina 

lOU 

2m 

2 9=t0 7S 

1920 ... 

“5 

Pima X upland 

WAi 

2m 

8±1 Ob 



Dirterence. - 



2 1±1 32 



fPima X Pima 

U 

(c) 

(> 7=fc: 70 

1922 

n 

Pima X upland 

14 

to 

10 Ozfc 82 


DiiTeience 


3 Odbl OS 



(Upland X upland.., 

It 

(0 

() l=b3 4G 

1922 


Upland X Pima . 

14 

(0 

6 2±1 99 


DitTerence... 


l±t 00 



fPima X Pima 

12 

(0 

10 Oi 71 

1925 


1 Pima X upland 

12 

(0 

10 9db 47 


»7 

1 Difference 


3=t 85 







® The data of this experiment are given m another paper (22, Table 24). No flowers were left unexcised, 
flowers excised 2m hours after pollination are taken as the controls 
Data given m Table 4 of this paper 
c Not excised 

Data given m Table 5 of this paper 


Table 6, summarizing the results of several experiments, shows a 
comparison of the degrees of fertihzation attained by applying the 
two pollens separately and allowmg a shorter and a longer interval for 
the pollen tubes to penetrate the ovary. The data indicate in only 
one comparison a significant difference between the two types oi 
cotton in the rate of growth of the pollen tubes In the experiment 
of 1922 the increase in the mean number of seeds from the unexciseci 
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control flowers over the mean number from the flowers excised 14 
hours after pollination was decidedly greater for the Pima flowers 
fertilized with upland pollen than for the Pima flowers fertilized with 
Pima pollen The difference of 3 9 seeds between the mean increases 
may be considered significant, being 3 6 times its probable error In 
this case the fact that fertilization was more nearly complete after 
14 hours in the flowers that received pollen of their own variety than 
m the flowers that received pollen of another species (upland) indi- 
cated more rapid growth of the tubes of the like pollen. 

It may not be concluded, however, from the evidence in Table 6 
that more rapid growth of the tubes of the like pollen in the Pima 
pistils IS the rule In the experiment of 1920 the comparison indicated 
more rapid growth of the unlike pollen, although the difference was not 
significant and in the experiment of 1925 there was practically no 
dift’erence between the two pollens The only comparison of the rate 
of growth of the tubes of different pollens in pistils of upland cotton 
(upland X upland and upland X Pima in the experiment of 1922) 
gave no evidence of a difference in rate of growth of the like and the 
unlike pollen tubes 

POLLENS APPLIED MIXED 

It has been seen that excision experiments in which the two kinds 
of pollen were applied separately gave no evidence of a consistent 
difference in the growth rate of the tubes It does not follow, how- 
ever, that the growth rates are the same when a mixture of both , 
pollens is presented to the stigmas of the same individual flower. ' 
To test this point, an experiment was made in 1925 in which Puna 
flowers were emasculated in the evening and pollinated the following 
morning at 9 a m with an intimate mixture of approximately equal 
quantities of Pima pollen and Acala upland pollen The pistils of 
equal numbers of these flowers were then excised at the summit of 
the ovary at intervals of 9, 11, 13, 20, and 24 hours, respectively, after 
pollination, a sixth lot was left unexcised, as a control 

Tests m sugar solution of pollen from five flowers of each variety, 
made at the beginning of the experiment, indicated a slight difference 
in viability in favor of the upland pollen The estimated percentage 
of small and doubtless defective grains varied from 5 to 10 per cent in 
the several Pima flowers and from 2 to 5 per cent in the several upland 
flowers In each lot of pollen there were also a few abnormally large 
grains, which failed to explode or exploded only after very long immer- 
sion There appeared to be no difference between the Pima and up- 
land poUens in the rapidity and completeness of explosion of the 
normal-sized grains 

This experiment was planned on the assumption that if the tubes* 
of the like (Pima) pollen reached the ovary sooner than the tubes of ^^ 
the unlike (upland) pollen, the percentage of homozygous individuals 1 
m populations grown from the resulting seeds would be greater in \ 
populations from the earlier-excised flowers than m populations from 
flowers excised later or not excised Only 2 or 3 bolls each matured 
from the lots of flowers that were excised 9 and 11 hours after polli- 
nation. The seeds produced by the remaining lots of flowers were 
planted m 1926, and the percentages of homozygous individuals m 
these populations are given in Table 7 
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Table 7 — Percentages of homozygous {Pima) plants in populations from seeds 
produced hy Pima flowers which were pollinated with a mixture of Pima and upland 
pollens and from ivhich the styles and stigmas had been removed hijevcision 13, 30, 
and 34 hours after pollination, or had not been removed 

[Exijeriment No 0, 1925] 


Inteival between pollination and excision (hours) 

Plants 

grown 

lToino7V- 
gous plant s 

of depar- 
tures of 
numbers 
observed 
Irom 
numbers 
expected in 
the absence 
of selective 
fertilization 

13 _ - 

Number 

83 

Per cent 

81 9±2 85 

33 8 

20 

692 

88 2± 83 

401 8 

24 - — - 

659 

90 7± 76 

536 6 

Control (not excised)-- - 

627 

87 2± 90 

346 8 


Contrary to the assumption, the population from the flowers 
, excised earliest contained the lowest percentage of homozygous plants, 
indicating more rapid growth of the unlike (upland) pollen tubes 
The percentage for the 13-hour excision does not, however, differ 
significantly from any of the others except, possibly, from the per- 
, centage for the population from flowers excised after 24 hours, and in 
t this case the difference is only three times its probable error It must 
be concluded that this experiment gave no satisfactory evidence of a 
difference in the growth rate of the two pollens when both are present 
on the same stigmas 

A very pronounced degree of selective fertilization in favor of the 
like pollen is shown by the data in Table 7, notwithstanding the some- 
what greater viability of the upland pollen indicated by the tests in 
’ sugar solution The departures, in the several populations, from the 50 
per cent of homozygous plants expected if there had been no selective 
fertilization were, respectively, 7, 25, 27, and 23 times the probable 
error of the departure The magnitude of of the departures of 
the observed numbers of homozygous and heterozygous plants from 
the numbers expected had there been no selective fertilization indi- 
cates, in every case, chances many more than 100 to 1 that the depar- 
j ture is significant ® Since the slight difference in viability of the two 
pollens indicated by the results of tests in a sugar solution was m 
favor of the upland pollen and the pollinations were made on Pima 
flowers, the tendency of this difference would have been to obscure 
^ rather than to magnify the effect of selective fertilization 

Growth Rate Tested by Comparing Populations From Upper and 

Lower Seeds 

Another method for determining whether there is differential 
growth rate of the tubes from like and from unlike pollen is to apply 
^ to the stigmas a mixture of the two kinds of pollen and to determine 
L the proportion of homozygous plants m populations grown from the 


8 It IS noteworthy that the percentage of homozygous plants in the population from the unexcised (control) 
flowers in this experiment is almost the same as m the comparable population C of experiment 6 grown the 
same year from flowers pollinated m the same manner as in the experiment here described, and not excised 
(Table 9 ) 
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upper and from the lower seeds in the resulting bolls This method is 
based on the assumption that the apical ovules are likely to be fer- 
tilized by the pollen tubes that enter the ovary first ® In that case the 
populations would be expected to dift'er in the percentage of homo- 
zygous plants, the percentage being greater in the population from 
upper seeds if the like pollen grew more lapidly and in the population 
from lower seeds if the unlike pollen grew more rapidly In the exper- 
iments described in an earlier paper { 24 } V SS7, 838) application of 
this method showed no significant differences between the populations 
^ from upper and from lower seeds, but this may have been due to the 
fact that the number of pollen grains placed on the stigmas was many 
times greater than the number of ovules 

With a large excess of pollen, the tendepcy would be to fertilization 
of all or nearly all the ovules by the more rapidly growing kind of 
pollen, and there would be less likelihood of a difference in the pro- 
portion of homozygotes and heterozygotes between the populations 
from upper and from lower seeds On the other hand, if the number 
of pollen grains in the mixture does not greatly exceed the number ot 
ovules, fertilization of the upper ovules by the more rapidly growing 
pollen and of the lower ovules by the slower-growing pollen may be 
expected Experiments with pollen mixtures, therefore, were under- 
taken in which the total nuinbei of pollen grams applied to the stigmas 
was not greatly m excess of the number of ovules. 

In an experiment (No 6) performed in 1926, 15 grains of Pima pollen 
and 15 grains of Acala upland pollen were mixed together and the 
mixture was applied to the stigmas of 75 emasculated Pima flowers 
Thus, 30 grams of pollen were applied to each flower, although the 
average number of ovules in the ovary of the Pima flower is approxi- 
mately 21 {22, p 51) The excess of 9 grains was intended to com- 
pensate for possible lack of viability in a few of the pollen grains 
Bolls were retained from 62 flowers (82 7 per cent of the number 
treated) and the mean number of seeds m these bolls was 7 7, whereas 
in previous experiments in which much larger quantities of pollen 
were applied to emasculated Pima flowers, the mean number of seeds 
per boll was from 16 6 to 17 0 It may be concluded that the 30 
grains of pollen used m the present experiment were too few to give 
the maximum degree of fertilization attainable in emasculated and 
artificially pollinated flowers 

The bolls that matured were divided into upper and lower halves 
and the seeds from each half were planted separately in 1927 to 
determine the percentages of homozygous plants The resulting] 
data, given m the upper section of Table 8, show no evidence of ai 
difference in rate of growth of the two kinds of pollen, the difference 
between the percentages of homozygous individuals in the two sub- 
populations having only slightly exceeded the probable error of thq 
difference Moreover, there was no evidence of selective fertilization, 


9 That this may be the case in cotton is indicated by data obtained by Kea , who found that m upland 
cotton bolls the proportion of motes or unfertilized ovules increases from the top to the bottom of the boll 

10 Correns (8) found that in the dioecious M&tandnum rubrum the percentage of pistillate plants in the 
resulting progeny w as greater when the flowers received a large excess of pollen than when a smaller number 
of pollen grains was applied He concluded from this fact that the tubes of the pistillate-determmmg 
grams grow faster than the tubes of the stammate-determimng grams References to earlier papers of this 
author are given m the publication, cited The possibility of distortion of Mendelian ratios as a result of 
differential growth rate of the tubes of genetically different pollen grains seems first to have been suggested 
by Renner {SO), who later (SI) obtained different ratios m Oenothera depending upon whether few or many 
pollen grams were used The assumption was that when pollen is used sparingly the slower-growing tubes 
have a chance to fertilize more of the ovules 
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the percentage of homozygous plants m the combined population not 
having departed signihcantly from 50 per cent The probable reason 
Foi the apparent absence of selective fertilization will be consideied 
presently. 

Table 8 — N'umbers of plants and percentages of homozyqons plants in populations 
grown from seeds from the uppei half and from the lowei half of bolls pioduced by 
Ptma floweis pollinated with mixtures of equal numbers of giains oj Pima and 
upland pollen 

EXPERIMENT OP 1926 


Pollen grains applied 

Plants from— 

Homozygous plants from— 

x 2 of depar- 
tures of 
numbers 
observed 
from num- 
bers ex- 
pected in 
the absence 
of selective 
fertilization 
(from all 
seeds) 

Ea( h kind 
(number) 

Total 

Upper 

seeds 

Lower 

seeds 

Vll 

seeds 

Uppei 

seeds 

Lower 

seeds 

All 

seefis 

Per cent 

47 6=kl 97 

15 

Number 

30 

Nvmber 

137 

Number 

155 

Number 

292 

Per cent 

45 3d:2 87 

Per cent 

49 7±2 71 

0 67 



EXPERIMENT OF 1927 


IS 

30 

272 

295 { 

567 

57 0±2 02 

57 Oil 94 

57 Oil 40 

11 12 

20 

40 

258 

171 

429 

49 7=b2 10 

52 7i2 57 

50 8il 63 

11 

25 

50 

78 

125 1 

203 

50 0=b3 82 

48 8i3 01 

49 3i2 37 

04 

30 

60 

156 

182 

338 

48 7±2 69 

i 

47 8i2 50 

48 2il 83 

44 


In a similai experiment (No. 1) performed in 1927, four lots of 
emasculated Puna flowers were pollinated with mixtures of 15, 20, 
25, and 30 grains each of two kinds of pollen, Pima and Acala upland, 
hence with totals of 30, 40, 50, and 60 grains, respectively There 
were no significant differences among the several lots of bolls obtained 
in respect to the mean number of seeds, hence no evidence that 60 
grains of pollen effected more nearly complete fertilization than was 
attained with 30 grams. The mean number of seeds having ranged 
from 11 9 to 13 3 in the several lots, the degree of fertilization was in 
all cases much higher than was attained with 30 grains of pollen in 
the experiment of 1926 but fell considerably short of the degree 
attained in earlier selective-fertilization experiments in which each 
flower doubtless received many more than 60 pollen grains “ 

The seeds obtained by pollination with the several pollen mixtures 
were planted m 1928 for determmation of the percentages of homozy- 
gous plants, seeds from the upper and from the lower half of the bolls 
of each lot being planted separately The resulting data are given 
in the lower section of Table 8 

In none of the populations resulting from pollination with dift’erent 
numbers of pollen grains did the subpopulations from upper and from 


II The better fertilization in 1927 than in 1926 probably is accounted for by the fact that the plants used 
in the experiment of 1926 were somewhat stunted, while the plants used in 1927 were vigorous and healthy. 
The deficient fertihzation in the experiments of 1926 and 1927 does not necessarily imply that there were 
not sufficient numbers of viable pollen grams to fertihze more of the ovules, but may have been due to iso- 
lated position on the stigmas of the relatively few grains applied Brink (7) found that in Cucumis the 
pollen develops better when the grains are massed than when they are scattered From this fact he inferred 
the secretion of mutually stimulating substances and concluded that these are apparently products of the 
metabolism of the pollen tube, they are readily diffusible and are utihzed more completely when the tubes 
are massed.^* 
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lower seeds differ significantly m the percentage of homozygous 
individuals, the difference in every case being smaller than its probable 
error It appears that even when the total number of pollen grains 
(30) only slightly exceeded the number of ovules, the unlike (upland) 
pollen fertilized the ovules in the upper part of the ovary as readily 
as it fertilized the lower ovules This finding, according wnth that' 
of the experiment of 1926, indicates that there was not a more rapid, 
grow^th of the tubes of the like pollen than of the unlike pollen. 
As the total number of pollen grains was not much greater than the 
number of ovules, if the tubes of the like pollen (Pima) had penetrated 
the ovary sooner than the tubes of the unlike pollen there should have 
been a higher percentage of homozygous plants in the subpopulation 
from upper seeds than in the subpopulation from lower seeds 

A slight but perhaps significant degree of selective fertilization was 
showm by the population from pollination with 30 grams, the percent- 
age of homozygous plants being 57 per cent and the departure from 
50 per cent being 3 5 times its probable error The value of for 
the departure from equal numbers of homozygous and heterozygous 
plants expected in the absence of selective fertilization is 11 1, indicat- 
ing chances of more than 100 to 1 that the departure is significant 
No selective fertilization was shown m the populations from pollina- 
tion with 40, 50, and 60 grams 

The absence of evidence of a high degree of selective fertilization 
in the populations of this experiment and in the experiment of 1926 
(Table 8) was unexpected In the expermients of 1922 (Table 1) 
and in the expermient of 1925 (Table 7) in which each flower must 
have recived many moie than 60 pollen grams, selective fertilization 
was very pronounced, as the populations grown from seeds produced 
by double pollmation of Pima flowers with approximately equal quan- 
tities of Pima and upland pollen contained from 67 to 91 per cent of 
homozygous individuals. The cause of this difference apparently lies 
either in the greater viability of the unlike (upland) pollen used in 
the experiments of 1926 and 1927 or in selective survival in favor of 
the heterozygotes 

The \dability of the two kinds of pollen used in these later experi- 
ments was not tested duectly, but all earliei tests indicated equal oi 
nearly ec^ual viability, and the two pollens, when applied separately 
to the stigmas of Pima flowers, have always produced very nearly 
equal degrees of fertilization That the survival of the heterozygous 
plants may have been favored in the experiments of 1926 and 1927 
IS suggested by the fact that the soil on which these populations were 
grown had become heavily infested with nematodes and that at 
Sacaton Puna cotton is much more susceptible than upland cottons 
to the resultmg root-knot disease The losses from this disease 
have been particularly heavy in the seedling stage In 1922 and 1925, 
when the earlier experiments were performed, nematode infestation 
was not a factor It is a fair assumption, therefore, that more of 
the homozygous (Pima) than of the heterozygous (Pima X upland) 
plants died from root knot in an early stage of growth, in which case 
unduly low proportions of homozygous (Pima) individuals would have 
been recorded The appearance of a low degree of selective fertiliza- 
tion in favor of the like pollen m only one of the populations from 
the experiment of 1927 may have been due to the chance location of 
this population in less heavily infested soil. 
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The fact that in the experiments of 1926 and 1927 with mixtures 
of the two pollens the subpopiilations from upper and lower seeds in 
no case differed significantly in the percentage of homozygous indi- 
viduals points to the conclusion that the two pollens were substan- 
tially alike in the growth rate of their tubes Since the excision 
experiment described in the preceding section also gave negative 
results as to difference in the rate of growth of the tubes of the two 
kinds of pollen when both are present on the same stigmas, the con- 
clusion seems warranted that the tubes from such grams of the unlike 
pollen as escape the inhibitmg action of the like pollen grow as rapidly 
and penetrate the ovary as soon as the tubes of the like pollen It is 
inferred that the inhibiting action of the like pollen expresses itself in 
preventmg the germination or early development of many of the unlike 
pollen grains. 

SELECTIVE FERTILIZATION AS AFFECTED BY INTIMACY OF 
POLLEN MIXTURE AND BY CONDITION OF LIKE POLLEN 

It is believed that the evidence here given has established the reality 
of selective fertilization in favor of the like pollen m cotton and has 
ehminated differential growth rate of the pollen tubes as a general 
’cause of the phenomenon. How, then, is it to be explained? The 
hypothesis has been advanced by the writers ( 24 ) that a reaction takes 
place in the stigmatic tissue, makmg this tissue a less suitable medium 
for germination or development of the unlike pollen The fact that 
the unlike pollen when present alone on the stigmas effects fertiliza- 
tion nearly or quite as readily as does the like pollen indicates that the 
inhibiting substance supposed to be produced in the stigmas develops 
iOnly under a stimulus supphed by the presence of the hke pollen 

If the hypothesis is well foimded, the mhibiting action should be - 
greatest when both kinds of pollen are present over the whole stigm^ic 
surface and least when they are placed separately on different parts of 
the stigmatic surface In the former case every part of the stigmatic 
and stylar tissues would be affected by contact with the grains and 
tubes of the like pollen, while in the latter case tracts of stigmatic 
tissue not in direct contact with the grains and tubes of the like pollen 
would^ be available for penetration by the imlike pollen. It is also 
essential to an imderstanding of the problem to know whether the 
assumed toxin-producing capacity of the like pollen exists only when 
the pollen cells of the latter are intact and viable If so, penetration 
of the stigmas by the pollen tubes would be indicated as a condition 
of the reaction. Experiments designed to afford information on these 
points were carried out in 1925, 1927, and 1928. 

ANTAGONISM PROPORTIONAL TO INTIMACY OP MIXTURE 

An experiment (No 5) was performed in 1925 to determine whether 
the degree of antagonism is proportional to closeness of contact of the 
,two pollens on the stigmas During a period of 10 days (August 7-16), 
30 flowers of Pima cotton were emasculated daily and were pollinated 
with both Pima and Acala upland pollens Equal numbers of flowers 
^ were pollinated in three different ways, as described below. 

i Treatment A , — Approximately equal quantities of the two pollens were applied 
1 to opposite sides of the same stigmas, so that the two pollens were separated as 
widely as is possible when both were present on the stigmas of the same flower. 



Feb 1, 1932 


Pollen Antagonism in Cotton 


207 


The application in this and in treatment B was made by brushing the stigmatic 
surface with the staminal columns of the pollen-supplying flowers 

Treatment B — The two pollens were applied by the method used in earlier 
experiments {21), Pima pollen follow’ed by upland pollen on one-half of the 
number of floweis and the tw^o pollens in the reverse order on the remaining 
flow^ers Bv combining the resulting subpopulations, the result should appioxi- 
mate that obtained by mixing the twm pollens before application to the stigmas 
Since both pollens were applied to the whole surface of the same stigmas, they 
w*ere m closer contact than in treatment A 

Treatment C — Approximately equal quantities of the two pollens were mixed 
together thoroughly and the mixture was applied to the stigmas The numbers 
of grains of the tw^o kinds of pollens were not counted, but the mixture used 
on each day of the expenment was examined before it was placed on the stigmas 
in order to be sure that the tw’o kinds of pollen, readily distinguishable by the 
size and color of the grains, w’ere present m approximately equal quantities 
This method assured the greatest possible intimacy of contact between the two 
pollens 

A difference in the viabihty of the two pollens might have invalidated 
the results. Samples of both pollens, therefore, were tested each day 



Figure 1 — Pollen grains of Pima Egyptian cotton (A) and of Acala upland cotton (B) X 160 
The Pima pollen grams are somewhat larger and have somewhat longer spines than the upland 
grams The color of the Pima pollen is deep golden yellow, and that of the upland pollen (Acala 
and Lone Star varieties) is pale cream The smaller, light-colored gram in each lot of pollen is 
nonviable (Photograph by A E Longley) 

by iminersion in distilled vrater No appreciable difference in the 
proportion of grains that exploded was observed. Additional tests, 
in a 5 per cent sugar solution, were made at the beginning and at the 
end of the 10-day period of the experiment The first test showed a 
decided inferiority of the Pima pollen; the percentage of defective 
grains ranged from 20 to 50 per cent in the several Pima flowers and 
was negligible in the Acala flowers On the other hand, there was no 
appreciable difference between the two pollens in the promptness and 
completeness vith which the grains of normal size exploded m the 
sugar solution In the second test the estimated percentage of small, 
hght-cobred, doubtless defective grains (fig 1) ranged from 5 to 10 
per cent in the several Pima flowers and from 2 to 5 per cent in the 


12 Details of the procedure followed in prepanng the mixture are as follows Pima and Acala flowers were 
collected each morning when the anthers had begun to discharge their pollen and were brought into the labo- 
ratory Approximately equal quantities of each pollen were shaken out on a microscope slide and mixed 
together thoroughly with a dissecting needle The mixture was then transferred to gelatin capsules The 
mixed pollen was applied by inverting a capsule over the stigmas and revolving it until the stigmas were well 
cox^ered with pollen The contents of each capsule served to pollinate two flowers 

109285—32 2 





208 


Journal of Aqncultuml Research 


\ ol 44, No 3 


several Acala flowers The varietal difference in the proportion of 
such grains was therefore much less pronounced than it had been 10 
days earlier No varietal difference in the rapidity and completeness 
of explosion of the normal-sized grams was detected In the pollen 
of both varieties, in addition to the very small grains there were a 
few grains of abnormally large size, which did not explode or did so 
only after veiy long immersion 

In spite of the differences shown by these tests in sugar solution, 
it IS believed that the mixtures used in treatment C were not deficient 
in viable Pima pollen The proportion of the two kinds of pollen in 
the mixtures was determined by inspection rather than by count and, 
since the deep yellow of the viable Pima grains contrasts sharply wuth 
the much paler nonviable Pima grains and the nearly colorless Acala 
upland grains, a marked deficiency of normal Pima pollen m the 
mixtures could not have escaped notice. It should be noted further 
that since the pollinations of this experiment were made on Pima 
flowers an excess of viable upland pollen m the mixtures would have 
increased the percentage of heterozygous plants in the resulting popu- 
lation and hence would have tended to nullify the effect of selective 
fertilization in favor of the like pollen 

The seeds obtained by the several methods of pollination were 
planted in 1926, and the numbers of plants grown and peicentages 
of homozygous (Pima) individuals w^ere determined. The results 
are given in Table 9. 

Table 9 — Number of plants and peicentages of homozygous plants in populations 
from Pima flowers pollinated with both Pima Egyptian and Acala upland pollens^ 
in diffeient degrees of intimacy of mixture 

[Evpenment No 5, 1925] 


Treat- 

ment 

Method of applying the tw o pollens 

Plants 

giown 

Homozj - 
gous plants 

x^ofdepai- 
tures of 
numbers 
observed 
from num- 
bers ex- 
pected in 
the absence 
of selective 
fertilization 

A. 

1 

1 Separately, on opposite aides of the stigmas 

Number 

890 

Per cent 

66 6zizl 07 
77 Iztl 01 

98 0 

B 

' Over the whole stigmas but seriatim, Pima followed by upland 

825 

242 4 

C 

; pollen on half of the lloweis, the sequence reversed on the 

1 other half, the populations from both sequences as 1 airay « 
Mixed intimately before applying 

978 

86 4zlz 74 

518 4 




« As was the case in the experiment described in an earlier paper (24, p SS^-SSS) the subpopulation from 
the like + unlike seq^uence of pollination gave a higher percentage of homozj gous individuals (80 3 zb 1 29 
per cent) than the subpopulation from the sequence unlike + like (74 1 zb 1 49 per cent) The difference 
between these percentages is 3 1 times its probable eiror As the 2 subpopulations were of somewhat un- 
equal size (431 and 394 plants, respectively) the percentage of homozygous individuals, as given for the whole 
population, IS the average of the percentages of the 2 subpopulations 


/ A very high and very significant degree of selective fertilization in 
favor of the hke pollen in aU three populations is indicated by the 
data in Table 9. The magnitude of of the departures of the ob- 
served numbers of homozygous and heterozygous plants from the 
numbers expected had there been no selective fertilization indicates, 
in every case, chances many more than 100 to 1 that the departure is 
significant. It is clear that these results are not attributable to a 
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If the macerated Pima pollen had had an inhibiting effect upon the 
capability of the unlike (upland) pollen to accomplish fertilization, 
then the reduction in the degree of fertilization resulting from applica- 
tion of the pollen extract, as compared with the fertilization of the 
corresponding control, should have been greater in treatment C than 
in treatment A In other words, the difference D — 0 should be 
greater than the difference B — A Table 10 shows that this was not 
so in regard to percentage of bolls retained, but in mean number of 
seeds per boll the difference D — Cis33±0 86 seeds greater than the 
difference B — A The difference betw^een the two differences, bemg 
3 8 times its probable error, may be regarded as significant The re- 
sults of this experiment seem to mdicate that the mhibitmg effect of 
like upon unlike pollen persists even when the viability of the former 
presumably has been destroyed by maceration. 

In order to ascertain whether the viability of the pollen used in 
coating the stigmas had been destroyed completely by maceration, 
the seeds produced by the severally treated flowers were planted in 
1928 and the populations were examined on July 19 The population 
representing treatment A (pollmation with Pima pollen on Pima 
extract) comprised 218 plants, all of w^'hich were Pima, as would have 
been the case, of course, whether or not any of the pollen grains in the 
extract had remained viable But if the Pima extract had contamed 
viable pollen, the population representing treatment C (pollmation 
with upland pollen on Pima extract) should have contained at least 
a few plants from the fertilization Pima X Pima, whereas all of the 283 
plants in this population were easily recognizable as Pima X upland Fi. 
It is probable that even if a few pollen grams escaped maceration by 
grinding in the mortar they burst promptly and lost their viability 
when the paste was mixed with distilled watej;. 


Table 11 — Relative survival rate of plants from feitilizations Pima X Pima {treat- 
ments A and B) and of plants from feitilizations Pima X upland {tieatments C 
and D)j of the expenment of 1927 


Treatments : 

Pollination 

Seed 1 
planted 

Plants surviving | Nature of the plants 

A and B 

G and D 

Pima X Pima— 

Pima X upland 

Number 
1, 196 
1,136 

Number 

592 

899 

Per cent ' 

49 5±0 97 1 All Pima 

79 1± .81 1 All Pima X upland Fi 


UifFfirenfift . _ 



29 6±1 26 





Better survival of the heterozygotes is^ indicated by the data given 
m Table 11, which show^s that the combined population from flowers 
pollinated with unlike pollen (C and D) was much larger m proportion 
to the number of seeds planted than the combmed population from 
flowers poUmated with like pollen (A and B) In earlier experiments, 
the heterozygotes showed no such marked supei'iority to the Pima 
plants in rate of survival,^® but the soil where these plantings were 

“ It IS interesting to note that the mean number of seeds per boll from the control flowers pollinated with 
upland pollen (D) is significantly greater than the number from the control flow^ers pollinated with Pima 
pollen (B), the difference bemg 3 9 times its probable error Other examples of increased fertilization of 
Pima flowers when pollinated with upland pollen are given m Table 2 
15 In the field plantings of earlier experiments, there appeared to be no superiority of the heterozygotes in 
this respect, as evidenced by the percentages of heterozygotes in hills containing one or two as compared 
with hills contaimng a greater number of plants (BS, p 46, B4, p SS4) In laboratory germination tests, how- 
ever, there were shght differences m favor of the heterozygotes (SB, Table SS) The lesults of a similar test, 
showing better germination of the heterozygous seeds, are given in Table 3 of the present paper. 
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A small tag, on which was written the plant number, date, and a 
letter indicating the tieatment, was attached to each flower as soon 
as it was pollinated and the flower was then inclosed m a fresh bag 
to prevent the access of foreign pollen 
The four treatments, given on each of the 10 days of the experi- 
ment to equal numbers of emasculated Pima floweis, may be sum- 
marized as follows : 

(A) Stigmas coated with Pima pollen extract, pollinated with Pima pollen 

(B) (Control) stigmas not coated, polhnated with Pima pollen 

(C) Stigmas coated with Pima pollen extract, polhnated with upland pollen 

(D) (Control) stigmas not coated, polhnated with upland pollen 

A total of 100 Pima flowers received each treatment during the 
course of the experiment Each of the bolls obtained, with its tag, 
was collected as it matured, and the number of seeds was determined 
Any seed, however small, that had developed beyond the ovule stage 
was counted as a fertilized seed Table 10 shows the percentages of 
bolls retamed from flowem receiving the several treatments and the 
mean numbeis of seeds in these bolls 

Table 10 — DegieeB of feHtlizahoti attained in Pima cotton floweis of which the 
stigmas had been coated with macerated Pima 'pollen and pollinated with Pima 
pollen (A) and xoith upland pollen (C) as compared with the control floivers of 
which the siigmas weie not coated hut weie pollinated with Pima pollen (B) and 
with xipland pollen (D) 

[Experimeiit of 1927] 


Treat- 

ment 

Pollination of Pima 

Flowers 

treated 

Bolls re- 
! tamed 

1 

Seeds per 
boll 

A 

XPima, on Puna extract - - 

Number 

100 

100 

Per cent 

34 0±3 19 
65 0±3 22 

Mean 

number 

11 6db0 63 
16 2± 23 

B 

XPima, control 

C., 

Difference (B— -A) 

31 0±4 53 

4 6± 67 

X upland, on Pima extract 

100 

100 

35 0±3 22 
65 0±3 22 

9 6± 47 
17 5± 24 

D 

Xupland, control * 


Difference (D— C) 

30 0±4 56 
-1 0±6 43 

7 9± 53 
3 3± 85 

Difference (D-C)-cB— A) 





1 

Both sets of flowers (A and C) whose stigmas had been coated 
with pollen extract were much less completely fertilized than the 
respective controls (B and D), as shown both m the lower percentage 
of bolls retained and in the smaller mean number of seeds per boll 
This lower degree of fertilization doubtless was partly due to the 
fact that the coating of pollen extract prevented close contact of 
many of the living pollen grains with the stigmatic surface It was 
observed that the pollen adhered much more readily to the untreated 
stigmas than to those which had been coated with the extract The 
bursting of many of the grams when brought into contact with the 
stigmas that had been moistened by the extract probably was also 
a factor limiting the fertilization of the treated flowers.^^ ’ 


“ Nearly ^ the bolls retained by the flowers that had received the extract were from flowers treated on 
tlie last five days of the experiment The reason doubtless was that at first the living pollen was applied 
immediately after application of the pollen extract When it was observed that practically no bolls were 
fitting from flowers thus treated the extract was allowed to evaporate on the stigmas before the living 
pollen was applied. Less than one minute sufficed for this 
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unlike pollen If this had been the case, in the populations from 
Pima mother plants the difference D — C (upland pollen control mmus 
upland pollen on stigmas coated with Pmia pollen extract) should 
have been significantly greater than the difference By A (Pmia pollen 
control minus Pmia pollen on stigmas coated with Pima pollen 
extract) Likewise, in the populations from upland mother plants, 
the difference B — E (Pmia pollen control mmus Pmia pollen on stig- 
mas coated with upland pollen extract) should have been signifi- 
cantly greatei than the difference D — G (upland pollen control 
mmus upland pollen on stigmas coated with upland pollen extract) 


Table 12 — Number of flowets treated, percentage of bolls retained, and mean number 
of seeds pet bollfiom emasculated flowers of Pima Egyptian and of Acala upland 
cotton, some of which had been pollinated with Pima pollen and some with Acala 
pollen, with and without piemous application to the stigmas of maceiated pollen 
{pollen extract) of each type of cotton 


[Experiment of 1928] 
piAiA AS :mother PUANTS 


Treatment j 


I 


i 

1 


C. 

r>. 


E. 

B 


G 

n 


Pollination 

i 

Flowers 

treated 

Bolls ' 

retained | 

Seeds per 
boll « 

XPima, on Pima extract 

Number 

50 

Per cent 1 
74 0db4 18 

Mean number 
9 3db0 75 

XPimaj control-- 

101 

97 Odbl 15 i 

18 0=fc 21 


niffereTifia (R — A) _ _ | 


23 0=k4 34 

8 7=1= 78 



Xiipland, on Pima extract _ j 

61 

80 4±3 75 1 

9 6=b 71 

X upland) control 

100 

93 0=fcl 72 

1 18 2=fc 23 


Difference (D— C)-- 


12 6=i:4 13 1 

' 8 6db 75 

Difference (D--C)“(B— A) 


-10 4=1=6 00 ! 

- 1=1=1 08 



XPima, on upland extract 

50 

72 0±4 28 

9 5db 69 

XPima, control - 

301 

97 0=1:1 15 

18 0=1: 21 


Difference (B— E) 


25 0=b4 44 

8 5d= 72 



Xupland, on upland extract 

50 

68 0±4 45 

8 2=fc 59 

Xupland, control 

100 

93 Odzl 72 

18 2d= 23 


Difference (D— G) 


25 0d:4 77 

10 0=h 63 

Difference (B— E) — (D— G) 


0 =1=6 52 

-1.5=1= 96 




UPLAND AS MOTHER PLANTS 


A 

XPima, on Pima extract 

50 

44 0±4 74 

11 6=1=1 05 

B 

X Pima) control ... _ _ 

50 

96 0=bl 87 

31 Id: 51 


Difference (B-A) 


52 0=b5 10 

19 5=1:1 17 

C - 

Xupland, on Pima extract 

50 

36 0=b4 58 

14 4d:l 43 

D 

Xnplanrl) control . 

50 

98 0:1:1 33 

33 0d= 25 


Difference ID— C)-- 


62 0:1:4 77 

18 6=bl 45 


Difference (D— C)— (B— A) — 


10 0=b6 99 

- 9dbl 86 

E 

X Puna, on upland extract ' 

* 51 

41 2d=4 65 

10 8d= 92 

B - 

X Pima, control i 

50 

96 0=1:1 87 

31 Idb 51 


Difference (B— E) * 

1 

54 S±S 02 

20 3d=l 05 

G 

Xnpland, on npla.Tid evtrftot 

50 

28 0±4.28 

14.9d=l 57 

D 

Xupland, nontrnl , _ _ 

50 

98 Od:l 33 

33 Od: 25 


Difference (D— G) 


70 0d=4 49 

18 Idbi 59 


Difference (B-E)-(D-G) 


-15 2=t6 74 

2 2dbl 91 


« Probable errors increased by using Pearson’s correction for the standard deviation when the number 
IS small. 
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made m 1928 was heavily infested with nematodes, and it has been 
observed at Sacaton that the mortality due to these organisms is 
much heavier in Pima than in upland cotton or in Pima X upland Fi. 

Experiment of 1928 

The results of the experiment in 1927 indicated that Pima pollen 
of which the viability has been destroyed by maceration may inhibit 
the germmation or subsequent development of some of the upland 
pollen grains on the stigmas of the Pima flowers The observed 
effect was slight, however, and it was thought advisable to repeat the 
experiment on a larger scale This was done in 1928 The number 
of treatments was increased by using macerated pollen of both Pima 
and Acala upland and by applying it to flowers of both varieties. The 
several lots of emasculated flowers of each variety, therefore, were 
treated as follows * 

(A) Stigmas coated with Pima poUen extract, pollinated with Pima pollen. 

(B) (Control) stigmas not coated, pollinated with Pima pollen 

(C) Stigmas coated with Pima pollen extract, pollinated with upland pollen. 

(D) (Control) stigmas not coated, pollmated with upland pollen 

(E) Stigmas coated with upland pollen extract, pollinated with Pima poUen. 

(G) Stigmas coated with upland pollen extract, pollinated with upland pollen 

The first four treatments are the same as treatments A, B, C, and D 
iu the experiment of 1927, while treatments E and G amplify the experi- 
ment so as to test the effects of macerated upland pollen also Treat- 
ment B (Pima pollination) served as the control for treatments A and 
E, and treatment D (upland pollination) served as the control for 
treatments C and G 

The technic was the same as that of the 1927 experiment, except in 
two minor details. From the plants selected for treatment all bolls 
that had set before the beginmng of the experunent were removed at 
the outset, and thereafter all flowers not treated were removed daily 
This was done because of Eaton's discovery that removal of many of 
the flowers and bolls reduces the rate of shedding of those left on the 
plants (1 0 ) . It was found that the soft, almost flaccid mvolucres of the 
upland flowers were much in the way when emasculating and polli- 
nating, a difficulty not experienced m handling the Pima flowers because 
of the crisper, more rigid texture of the involucre in this type. For this 
reason the upper portion of the upland involucre was cut away when 
emasculating the flower bud 

The percentage of bolls retamed and the mean number of seeds in 
these bolls were computed separately for each of the six treatments 
in each population The statistical constants thus obtained are 
given in Table 12. The percentage of bolls retained and the mean 
number of seeds per boil were much lower from flowers treated with 
pollen extract (treatments A, C, E, and G) than from the control 
flowers (treatments B and D) The reason for this difference was 
given in describing the experiment of 1927, 

Table 12 shows also the difference in percentage of bolls retained 
and in mean number of seeds per boll between each lot from flowers 
treated with macerated pollen and the lot from the corresponding 
<xmtrol flowers. ^ Comparison of the differences between these differ- 
enc5^*^ewise given in Table 12, should determine whether the macer- 
at^^fte pollen had reduced the degree of fertilization effected by the 
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in 1929 and the populations thus obtained 'vvere classified, with the 
results given in Table 13 Except for the two cases noted in the foot- 
note to the table, of the occurrence of homozygous (upland) plants in 
populations which should hare contained only heterozygous (upland 
X Pima Fi) plants, the classification indicates complete destruction 
of the viability of the macerated pollen The exceptions are attribu- 
table to volunteermg from seeds left in the soil from the preceding 
crop The fact that no heterozygous plants were found in populations 
that should have been all homozygous warrants the conclusion that 
the maceration had been effective 

Comparison of the Two Experiments with Macerated Pollen 

The experiment of 1927, m which only Pima mother plants were 
used (see Table 10) showed that in mean number of seeds per boll the 
difference D — C (upland pollen control minus upland pollen on Puna 
stigmas coated with. Puna pollen extiact) was greater than the differ- 
ence B — A (Pima pollen control minus Pima pollen on Pima stigmas 
coated with Pima pollen extract), the difference between these differ- 
ences (D — C mmus B — A) bemg positive in sign and nearly four times 
its probable error This result mdicated that the treatment with 
macerated Pima pollen depressed the fertihzation of flowers pollinated 
with the unlike (upland) pollen more than it depressed the fertihzation 
of flowers pollmated with the like (Puna) pollen. 

The more comprehensive experiment of 1928, m which plants of both 
Puna and upland cotton were used as mothers and the effects of ex- 
tracts of both kinds of pollen were tested, showed, on the contrary, 
that treatment with hl^e pollen m a macerated condition caused no 
significant differences m the relative fertilization of flowers of either 
type whether the pollen supplied in a hvmg state was of the same or of 
the other type. The presence of the macerated pollen on the stigmas 
resulted in greatly reduced fertilization, but the action seems to have 
been purely mechanical, since the reduction was no greater when the 
hvmg pollen was of the other type than when it was of the same type 
as the macerated pollen. 

The greater weight of evidence, therefore, favors the conclusion that 
the hypothetical alteration in the st^matic tissue, unfavorable to the 
unlike poUen and attributed to action of the like pollen when both 
kinds are present on the stigmas, takes place only when the like pollen 
is viable If such a reaction m the stigmatic tissue is the true expla- 
nation of selective fertilization as observed in cotton, presumably the 
reaction can take place only after the tubes of the like pollen "have 
penetrated the stigmas, a condition that is lemoved by maceration of 
the like pollen 

POLLEN ANTAGONISM IN RELATION TO CONSANGUINITY 

^ Jones {21 j p, 75) found that in maize the degree of selective ferti- 
lization in favor of the like poUen is positively and rather highly 
correlated with the degree of heterosis mdicated by the weight of 
the heterozygous seeds The coefficient of correlation obtained was 
0 50 ± 0 09. In other words, assummg that the greater the degree of 
heterosis the more remote is the relationship of the two forms that 
are crossed, it follows that selective fertilization tends to be inversely 
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Since the hypothesis assumes an mhibitmg effect of the like pollen 
upon the unlike pollen but no such effect of the unlike pollen upon the 
like pollen, there should have been no significant difference between 
the pollinations with like and with unlilve pollen m the degree to which 
the fertilization of the fiowers of either variety was reduced by the 
application of maceiated pollen of the other variety. In other 
words, in the populations from Pima mother plants, the difference 
B — E (Pima pollen control minus Pima pollen on stigmas coated 
with upland pollen extract) should not have differed significantly 
from the difference D — G (upland pollen control mmus upland pollen 
on stigmas coated with upland pollen extract) Likewise, in the 
populations from upland mother plants, the difference D — C (upland 
pollen control minus upland pollen on stigmas coated with Pima 
pollen extract) should not have differed significantly from the differ- 
ence B“A (Pima pollen control minus Pima pollen on stigmas coated 
with Pima pollen extract) 

It IS evident from the data in Table 12 that none of these differences 
between differences, m either percentage of bolls retained or mean 
number of seeds per boll, is significant with respect to its probable 
error. In this experiment, therefore, there was no mdication that 
either pollen, when macerated and apphed to the stigmas of either 
variety, exerted an inhibitmg action upon the development of the 
other kind of pollen, except for the purely mechanical effects of the 
presence of the pollen extract, as noted above. 

Table 13. — Classification of populations from the several treatments of flowers on 
plants of Pima and of Acala upland cotton 

[Experiment of 1928] 

SEEDS FROM PIMA MOTHER PLANTS 


Treatment 

Pollination 

N umber of plants grown 

Expectation if 

Total 

Homo- 

zygous 

Heter- 

ozygous 

(Fi) 

uiaceiation was 
completely 
effective (all 
plants) 

A 

X Pima, on Pima extract 

20 

117 

60 

449 

33 

48 

20 

117 

0 

0 

33 

0 

0 

0 

60 

449 

0 

48 

Homozygous. 

Do 

Heterozygous 

Do 

Homozygous 

Heterozygous 

B 

X Pima, control 

C 

X upland, on Pima extract 

n 

X upland, control 

E 

X Pima, on upland extract... 

G 

X upland, on upland extract 




SEEDS FROM UPLAND MOTHER PLANTS 


A. 

B. 
O. 
D. 
E_ 
G. 


X Puna, on Pima extract 

X Puna, control 

X upland, on Pima extract— 

X upland, control 

X Puna, on upland extract.. 
X upland, on upland extract 


149 

«35 

114 

Heterozygous 

188 

0 

188 

Do 

109 

109 

0 

Homozygous 

111 

111 

0 

Do 

124 

“ 18 

106 

Heterozygous 

33 

33 

0 

Homozygous 


* The occurrence of a few homozygous (upland) plants in these 2 populations, where none was expected, 
IS attnbutable to the fact that the land had been in upland cotton the year before and many plants volun- 
teered from seeds left in the soil 


In order to ascertain whether any error could have arisen through 
failure to destroy the viability of aU the pollen grams m the macerated 
pollen, the seeds resulting from the several treatments were planted 
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population was considerably in excess of the 50 per cent expected had 
there been no selective fertilization The departure amounts to 10 4 
per cent and is four times its probable error The more advantageous 
position of the pollen applied first on the stigmas may partly account 
for this excess (^4? 332 ^ 333), but if this had been the only factor 
there should have been a correspondmg excess of heterozygous plants 
in the population from flowers that received the unlike pollen first. 
In factj how'ever, there was a small but not significant excess of 
homozygous plants m the latter population 

Table 14 — Number of plants and percentage of homozygous plants tn the several 
populations resulting from pollination of flowers of a homozygous weak-spotted 
family of Pima cotton with pollen of both the weak-spotted family and of a homo- 
zygous full-spotted family of the same variety 


[E\permieiit of 1924] 


Population based on— 

Plants 

gioi^n 

Homozy- 

gous 

plants 

Sequence of pollination 

Like -}- unlike (all seeds) 

Number 
321 ' 

Per cent 

60 4±1 84 

bkA (all SAAds) ^ „ . 

234 

53 8±2 20 

As one array (all seeds) 

656 

“ 57 l=bl 42 

Position of seeds in boU 

Upper seeds (both sequences). - 

245 

62 4=t2 09 

Lower seeds (both sequence) 

310 

53 9d=l 91 



« Because of the difference m size of the subpopulations from the like + unlike sequence of pollination 
(all seeds) and the unlike + like sequence (all seeds) the percentage for the whole population (555 indi- 
viduals) was not computed directly from the total number of plants and of homozygous individuals but 
was taken as the average of the percentages of the subpopulations representing the 2 sequences of pollination 

The average of the percentages of homozygous individuals in the 
two subpopulations (from like+unhke and from imhke + like pollina- 
tions) should approximate the result that would have been obtained 
if equal quantities of the two kmds of pollen had been mixed together 
before application to the stigmas The average, given in Table 14 
as the percentage of the whole population, show's an excess of 7.1 
per cent of homozygous plants, and the departure from the 50 0 ± 1.42 
per cent expected had there been no selective fertilization m favor of 
the like pollen is 3 5 times its probable error. The departures of the 
observed numbers of homozygotes and heterozygotes from the equal 
numbers expected if there had been no selection among the pollen 
grains give a value for of 11 2, indicatmg chances of more than 100 
to 1 that the departures are significant 

The question whether the tubes of the like pollen grew faster than 
the tubes of the unlike pollen is also of mterest If such were the 
case, there should have been a higher percentage of homozygous 
mdividuals in the population from seeds m the upper part of the boll 
than m the population from seeds in the lower part of the boll The 
data given in the lower section of Table 14 mdicate that this was the 
case, the percentage of homozygous individuals being 8 5 ± 2 83 per 
cent greater from the upper than from the lowrer seeds. The difference 
is only three times its probable error, hence doubtfully significant, 


The departure in the subpopulation from unlike-f-like pollination from the expectation (60 4 per cent 
heterozygotes), if sequence of pollination had been the only factor and had had the same effect as in the 
like-funhke population, is 141 (604 per cent of 234)— 108 (the actual number heterozygous) =33±:5 05 

The probable error of this departure was computed as 

0 6745XV The expected per cent (0 604) xi— the expected per cent (0 396) X« (234). 
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proportional to consangaimity As Jones expressed it, '‘^the some- 
what surprising situation exists that in proportion as the cross- 
fertilization benefits the immediate progeny in its development the 
less effective is that pollen in accomplishing the union 

In the case of cotton, the writers obtained evidence of a high de- 
gree of selective fertilization when two kinds of pollen, each repre- 
senting a distinct species of Gossypmm, were applied to the stigmas 
of the same flower of one of these species. To ascertain whether the 
situation IS similar to that in maize, experiments involving more 
nearly related forms were undertaken Two families of Pima cotton 
that differ m a single Mendehan character, i e , full and very weak 
development of the spot at the base of the petal, afforded suitable 
material for testing this point, smce both parental families were 
homozygous and the heterozygotes of crosses between them could 
be distinguished easily from the recessive (weak-spotted) parental 
form. 

EXPERIMENT OF 1924 

In 1924, plants of the weak-spotted Puna progeny 3-27-29 were 
grown at Sacaton adjacent to plants of the full-spotted Pima progeny 
13-17-10. Flowers of the former were emasculated and pollinated 
with both kinds of pollen, taken at random from the several indi- 
viduals in the respective progeny. The technic was the same as in 
several of the experiments vith Pima and upland cotton, i e , one 
half of the flowers were polhnated first with like and then with 
unlike pollen (like + unlike) and the other half were polhnated first 
with unlike and then with hke pollen (imlike + like) 

Equal numbers of flowers received each treatment on each day, 
and practically the same number of seeds was obtained from each 
tieatment The bolls that matured from each lot of flowers were 
halved and the seeds from the upper and from the lower half were 
kept separate, giving four subpopulations that were grown m 1925 
These subpopulations represented: Like + unhke pollmation, ufjper 
seeds; like + imlike pollination, lower seeds, unlilm -f like pollination, 
upper seeds, and unlike + hke pollmation, lower seeds Four seeds 
were planted to the hill, and no thmnmg was done Although equal 
numbers of seeds were planted, the stand varied so greatly m differ- 
ent parts of the plot that the several subpopulations were of very 
unequal size 

As the plants flowered they were classified To guard against 
errors in classification, three flowers on each plant were graded as to 
the degree of spottmg, and the average of the grades of the three 
flowers was determmed The two classes of plants were easily 
distmguished, 3 0 representing the maximum average grade in the 
weak-spotted class and 5 5 the minimum average grade in the strongly 
spotted class. It may safely be concluded that the former were 
homozygous, representing the fertilization hke X like, and that the 
latter were heterozygous, representing the fertilization like X unlike 

Table 14 shows the number of plants and percentage of homozy- 
gous individuals in the subpopulations as combiaed ia two pairs 
representing, respectively, the two sequences of polhnation and the 
two positions of the seeds. 

The upper section of Table 14 shows that when the like pollen was 
apphed first the percentage of homozygous individuals m the resulting 
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hannony wdth those obtained by Jones {21) m maize, indicating that 
selective fertilization dimmishes vnth mcreasmg consangumity of the 
two forms. 

HYPOTHESIS OF POLLEN ANTAGONISM 

It has been demonstrated by the writers that when pollens of both 
Pima and upland cotton are apphed in approximately equal quanti- 
ties to the stigmas of emasculated flowers of either type the resulting 
progeny shows a marked preponderance of plants from fertilization 
by like pollen (Pima X Pima or upland X upland) In other words, 
unlike pollen is at a disadvantage m fertilizing the flowers when like 
pollen also is present on the stigmas, as shovni m Tables 1,7, and 9. 

If there were any lack of compatibility between the two types of 
cotton, these results would require no further explanation, but there 
is abundant evidence, summarized in Table 2, of nearly perfect com- 
patibility when either pollen is applied alone to stigmas of the other 
type This nearly or quite complete mutual compatibility of Pmia 
and upland cotton is surprising m view of the fact that they belong to 
very distinct species, representing each of the main groups of culti- 
vated American cottons Pmia {Gossypium harhadense') is of the South 
American group and upland {G hirsuhm) is of the Mexican group 
{28 f p. 207, 208) These types differ in many morphological charac- 
ters and also m such physiological characters as rate of boll sheddmg 
{25, p 652, 653) and selective absorption of certain components of the 
soil solution {15, 16) 

A pronounced difference in the viability of the pollens also would 
account for the observed facts, but repeated tests in vitro have given 
no evidence of differences sufficient to account for the observed in- 
equalities m the proportion of homozygous and heterozygous plants 
shown by the populations from mixed pollinations 

Differential survival, after fertilization, m favor of the homozy- 
gotes would have the same effect as selective fertilization in favor of 
the like pollen, but in all cases where differences have been observed 
in the rate of survival, during or after germination, the advantage 
has been with the heterozygotes. Such differential survival as has 
occurred in the experiments, therefore, has been of a nature to obscure 
rather than to magmfy the effect of selective fertihzation in favor of 
the hke pollen 

It is also possible that there may have been selective survival among 
the zygotes immediately after fertilization, resulting in the death at 
a very early stage of a disproportional number of zygotes from like X 
unlike unions. The nearly perfect compatibility of the two cottons 
and the greater vigor of the heterozygotes at and after the stage of 
germination make this improbable, but the possibility should not be 
Ignored. Comparison of the mean number of seeds with the mean 
number of ovules, assuming that all undeveloped ovules represent 
unsuccessful heterozj^'gous unions, should indicate whether this as- 
sumption may account for the observed preponderance of homozygous 
plants in the adult population. Computation on this basis, in five 
populations in which there was a marked indication of selective fertili- 
zation, increased the percentage of possible heterozygous individuals 
from 32 4 to 47.0, from 17 2 to 35 3, from 11.8 to 23.7, from 9.3 to 
20.0, and from 12.8 to 21 4 In all but one of these populations the 
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but the fact that it is of nearly the same magnitude as the excess in 
percentage of homozygous individuals m the whole population sug- 
gests that the small degree of selective fertilization shown in this 
experiment may have been due to the more rapid growth of the tubes 
of the like pollen It is possible, therefore, that these families of 
Pima cotton differ genetically in their determiners for rate of pollen- 
tube growth 

EXPERIMENT OF 1925 

The experiment of 1924 was repeated the following year on material 
from the same homozygous Pima families, weak-spotted and full- 
spotted The pollinations were made m 1925, and the resulting seeds 
were planted in 1926 The technic was in all respects similar to that 
of the first experiment except that the upper and lower seeds were 
not separated. The results are given m Table 15. 

Table 15 — Number of plants and percentage of homozygous plants tn the popula- 
tions resulting from pollination of flowers of a homozygous weak-spotted family of 
Pima cotton with pollen of both the weak-spotted family and a homozygous full- 
spotted family of the same variety 


[Experiment of 1925] 


Sequence of pollination 

Plants 

grown 

Homozy- 
gous plants 

Like + unlike - - 

Number 

507 

524 

1,031 

Per cent 

54 8 d=l 49 
36 1 =bl 41 
“45 46zfc:l 05 

Unlike + like 

As one array. 



“ Average of the percentages of the 2 populations 


In this experiment the sequence in which the two pollens were 
apphed made a much larger and much more significant difference 
between the resultmg percentages of homozygous individuals than 
was the case m the experiment of 1924, indicatmg that the stigmas 
in the later experiment may have been more densely covered with 
the pollen applied first in the sequence unlike + like than in the earlier 
experiment The aveiage of the percentages of the two subpopula- 
tions m the present expenment differs from that of the earlier experi- 
ment in showing a deficit (45 45 ± 1 05) instead of an excess (57 1 ± 
1.42) of homozygous individuals. (See Tables 14 and 15 ) The 
departure from the 50 per cent expected if there had been no selective 
fertihzation is only three times its probable error, but the deviations 
from equal numbers of homozygous and heterozygous individuals give 
a value for of 8.75, indicating chances of more than 100 to 1 that 
the deviations were sigmficant 

The two experiments, therefore, although alike m the technic and 
material employed, gave opposite results. A small degree of selective 
fertilization is mdicated by both experiments, but m the first experi- 
ment the selection was m favor of the like pollen and m the second 
experiment it was in favor of the unlike pollen. As the matter stands 
at present, it may be concluded that these two fa mili es of the same 
species and variety of cotton are so closely related that there is very 
httle, if any, antagonism between their pollens when present together 
on the same stigmatic surface. So far as they go, the results are in 
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of the pollens, or selective survival at any stage after union of the 
male and female gamete, and (2) that differential growth rate of the 
pollen tubes is not the explanation, such of the tubes of the unlike 
pollen as develop being able to penetrate the ovary as rapidly and to 
accomphsh fertilization as reachly as the tubes of the like pollen It 
would seem that the phenomenon is essentially different from selective 
fertihzation m Zea, Oenothera, and Melandnum, which is attributed 
to genetic differences in the rate of pollen-tube growth The writers, 
therefore, have chosen the term '^pollen antagonism^' to designate the 
supposed cause of selective fertihzation as observed in cotton 

The only hypothesis of pollen antagonism that seems applicable was 
stated in an earher pubhcation, as follows ( 24 , p 339 ) : 

* * * the presence of like pollen m some way prevents the germination or 

subsequent development of many of the unlike pollen grains when both kinds are 
present on the stigmas That the inhibiting factor does not reside in the stigmas 
themselves when like pollen is absent seems clear from the fact that when applied 
separately the unhke pollen is not inferioi to the like pollen in rapidity ol devel- 
opment and ability to effect fertihzation It is conceivable, however, that the 
presence of pollen of the same type may induce a physiological reaction in the 
stigmas which makes them a relatively unfavorable medium for the germination 
or growth of pollen of a different type The further assumption must be made 
that, in spite of this unfavorable condition, some of the unlike pollen grains are 
able to accomphsh fertilization, possibly because they are more resistant, possibly 
because they happen to be so placed as to avoid the tracts of stigmatic tissue 
affected by contact with the like pollen 

The results of experiments described m the present paper are 
beheved to support this hypothesis It is shown (Table 9) that the 
degree of selective action is proportional to the intimacy of mixture 
of the two pollens The excess of homozygous individuals in the 
resulting population was least when the two pollens were deposited 
separately on opposite sides of the stigmas and greatest when an inti- 
mate mixture of the tw’O pollens was apphed to the whole stigmatic 
surface This finding favors the assumption that the development of 
the unlike pollen tubes is less hmdered m tracts of stigmatic and stylar 
tissue not immediate^ m contact with the tubes of the like pollen 
Evidence also w^'as obtained (Table 12) that the ability of the like 
pollen to inhibit the development of the unlike pollen is lost when the 
yiabihty of the former is destroyed by maceration, from which it is 
inferred that the tubes of the hke pollen must penetrate the stigmas 
in order to produce the inhibiting reaction 

A reaction of some kmd withm the stigmatic tissue is suggested by 
the fact that the results of the polhnations with mixed pollen in the 
earlier experiments (summanzed in Table 1) showed the selective 
fertihzation in favor of the like pollen to be of the same order of mag- 
nitude, w'^hether the two pollens w’ere apphed to Pima or to upland 
cotton flowers. To account for the phenomenon on the basis of a 
direct toxic action of the one lond of pollen on the other would require 
the improbable assumption that the Pima pollen is toxic to the upland 
pollen only when the two kinds happen to be present on Pima stigmas 
and that upland pollen is toxic to Pima pollen only on the upland 
stignias. The fact that there was selective fertilization in favor of 
the hke pollen resulting from treatment A of the experiment of 1925 
(Table 9) in which the two kinds of pollen grains, although present on 
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deficit of heterozygous plants is still far too great to warrant the as- 
sumption that selective survival lather than selective fertilization is 
the explanation . 

The evidence seems conclusive that the observed facts may be in- 
terpreted only on the basis of selection between the two kinds of pollen 
grams Difference in the rate of growth of the pollen tubes is the ex- 
planation that suggested itself first 

It IS obvious that if two kinds of pollen differ consistently in this 
respect, the faster-grovung pollen will have the advantage in fertilizing 
the ovules when both kinds are present on the stigma of the same 
flower Evidence obtained by Jones and others and reviewed by 
Jones {21, p 6-34) indicates that in maize, Oenothera, Melandrium, 
Datura, and other plants the two kinds of male gametes produced by 
a heterozygous individual may differ in the rapidity with which they 
effect contact with the female gametes, and that as a result there is 
selective fei'tilization and a consequent distortion of expected Men- 
delian ratios In these cases it appears that the difference is of a 
genetic nature and that frequently the gene determining the rate of 
growth of the tube is linked with a gene for some visible character As 
expressed by Brieger (S, p 187), “Mendelian factors exist which pro- 
duce a selection among the gametes of a plant heterozygous for these 
factors, and both the mating of like with like or of unlike with unlike 
may be favored ” Jones also found evidence {21, p 72-73) that the 
pronounced selective fertilization in favor of the like pollen, observed 
by him in maize w’-hen a mixture of two kinds of pollen was applied to 
the same stigmas, was caused, at least in part, by the more rapid 
grovrth of the tubes of the like pollen 

Is selective fertilization in cotton to be explamed on this basis‘s 
The evidence obtained by pollination of flowers of Pima and of upland 
cotton with pollen of both types \vas negative When the pollens 
were applied separately and the styles and stigmas were excised at 
successive intervals, consistently greater fertilization, at a relatively 
short interval after pollination, was not effected by the like pollen as 
compared with the unlike t When the pollens were applied mixed 
there was not a greater proportion of homozygous plants in the popu- 
lation from flowers of which the styles had been excised comparatively 
soon after pollination than in the population from flowers in which, 
by postponing or omitting the excision, a longer period had been 
afforded for penetration of the ovary by the pollen tubes Finally, 
comparison of the populations from seeds in the upper and m the lower 
part of the capsules obtained by pollmating flowers with mixed pollen 
did not show a higher percentage of homozygous plants in the popu- 
lation from upper seeds, as should have been the case, according to 
the lesults of Correns's experiments with Melandrium (S), if there had 
been more rapid growth of the tubes of the like pollen 
, It may be concluded, therefore, (1) that selective fertilization 
, between Pima and upland cottons really occurs, the excess of homo- 
zygous individuals in the populations from mixed polhnation not 
^ being attributable to lack of mutual compatibility, different viabihty 

M{»reoYQF^ the assumption that all undeveloped ovules represent unsuccessful heterozygous umons is 
Unwarranted, since, even when the flowers are poUmated with like pollen only and in abundant quantity, 
^me of the ovules always fail to develop The data in Table 2 indicate that when Puna flowers were fer- 
tmzed with Puna pollen the mean number of seeds in the resulting bolls in no case exceeded 18, whereas 
the mean number of ovules in the Puna ovary is approximately 21 5. 
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and diffusing into adjacent tissues of the mother plant, produces cer- 
tain alterations in the latter, Metaxenia, discovered in the date 
palm, has been found by one of the writers {17) to occur m cotton 
also 

Pollen antagonism seems more analogous to anaphylactic than to 
hormone reactions m animal bodies The action of the like pollen 
may be compared to that of an antigen, stimulating the production 
of antibodies in the tissue into which it is introduced. The analogy 
is far from perfect, because, in the case under consideration, the pollen 
presumably actmg m the manner of an antigen is genetically like the 
body in which the reaction is supposed to take place, and the resultmg 
“antibody’’ is supposed to attack the foreign pollen.^^ 

There is as yet little evidence of the occurrence in plants of sub- 
stances comparable to hormones and antibodies, but the extensive 
occurrence and great importance m the animal kingdom of hormone 
effects and of anaphylactic reactions makes it reasonable to suppose 
that analogous substances and reactions occur in the vegetable 
kmgdom.^^ The discovery of such phenomena as metaxenia and 
pollen antagonism suggests that biochemical research in this field may 
prove fruitful 

SUMMARY 

Emasculated flowers of Pima and of upland cotton, pollinated with 
approximately equal quantities of pollen of both types, have shovrn a 
marked degree of selective fertilization; the resultmg populations have 
contained a much higher percentage of homozygous than of hetero- 
zygous plants 

Application of either pollen separately showed that these cottons 
are highly compatible, as fertihzation of the flowers of either Pima or 
upland cotton has been effected almost or qmte as readily by the 
unlike as by the like pollen. 

So far as could be determined by observation and by tests in media 
not suitable for normal germination, there were no differences in the 
viability of the two pollens that could account for the selective action 
observed. 

No evidence was ob tamed of selective survival at any stage after 
formation of the zygote that would explain the preponderance of 
homozygous plants m the populations. Selective survival undoubt- 
edly occurred in some of the experiments, owing to infestation of the 
soil with nematodes, w’hich are Imown to cause much greater mortality 
among the Pima plants than among the Pima X upland Fi plants. 
In aU such cases survival of the heterozygotes was favored, so this 


The presence of hormonelike substances in plants had been suggested previously by Haberlandt {IS, 
p 41), who considered that the results of his expenments on cell division in woimd tissues demonstrated 
the existence of what he terms “division hormones,” supposed to be secreted by cells of the leptome tissue, 
and “wound hormones,” secreted by the injured cells themselves He did not ascertain the chemical 
nature of the assumed substances but suggested that they may be ammes 

22 Wells <S4, P 70S) states that “as a general rule, the more closely related the animal furnishing the anti- 
bodies is to the one furmshmg the antigen the less antigenic activity or antibody response will be obtained ” 
He adds, however, “Some proteins * * * may be so foreign to the blood stream and the active tissues 
of the body that they incite antibody formation when introduced mto the blood stream of even the same 
animal from which they came ” 

23 Antibody production has been suggested as an explanation of immumty to diseases m resistant races 
of plants, but positive evidence apparently is lacking Kostoff {26, p 73) summarizes as follows the results 
of experiments in which various species of Solanaceae were grafted one on another “* * * mutual 
induction of antibodies m scion and in stock was found The acquired immunity in such plants was 
tested by precipitin reactions The induced antibodies were specific in certain specias ” Silberschmidt 
{32) criticizes certain details of the methods used by Kostoff and concludes that the results of his own exper- 
iments do not indicate the occurrence of “acquired” precipitins in plants to the extent that antibodies 
occur in animals 

109285—32 3 
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the same stigmas, were not m contact, is further evidence against a 
direct toxic action of the one kmd of pollen on the other 

In seeking an explanation of a very different phenomenon, self- 
sterility as observed in Nicotiana, East and Park {9) inferred the 
occurrence of a chemical reaction m the pistil mdiiced by pollen, in 
this case by the unhke pollen They wrote {9, p 363-364) ■ 

These results appear to us to show that the pollen tubes in a selfed pistil aie 
not inhibited in their growth by substances secreted in that pistil, but rathei 
that a substance or substances are secreted in the pistil after a compatible cross 
which accelerate growth, and that the direct cause of this secretion is a catalyzer 
which the pollen-tube nucleus is able to produce because the zygotic constitution 
of the plant producing it is different m certain particular hereditary factors from 
that of the plant on which it is placed * * * The action must be local, 

because the presence of compatible pollen tubes does not accelerate the growth 
of self pollen tubes 

That the assumed reaction m the pistil of the cotton plant also must 
be local is indicated by the fact that the selective effect was least when 
the two pollens were deposited separately on opposite sides of the 
stigmas 

Yasiida {35) sought to determine w^hether the '^Linienstoffe,’^ as 
Correns termed the substances assumed by him to control compati- 
bility, are secreted in the style or m the ovary He performed an 
ingenious experiment, mvolVing two self-incompatible strains of 
Petunia, in which styles of each strain were grafted on ovaries of 
each strain, giving four combinations, with mtaet pistils of^each 
strain as controls It was found that the grow’^th rate of the tuBSs^pf 
both kinds of pollen was determined by the identity of the ovary and 
not of the style m the artificial systems Yasuda concludes that the 
Linienstoffe are secreted by the ovary and diffuse thence into the 
■style 

[ No evidence as to the nature of the inhibiting substance supposed 
Sbo be produced in the pistil of the cotton plant is now available 
Biochemical tests of extreme delicacy probably would be required to 
detect it. It is conceivable that the substance acts so as to render 
ineffective one or more of the enzymes present in the pollen grains and 
requisite for penetration of the tissues of the pistil and for utilization 
of the reserve food stored m them 

A hypothesis advanced by Swmgle (33) in explanation of metaxe- 
ma, or direct effect of pollen on tissues of the mother plant, is of 
interest m this connection. Swmgle suggests that a hormonelike sub- 
stance, secreted after fertilization by the embryo or the endosperm 


IS The phenomenon, therefore, differs from that observed in animals by Godlewski Ql), who found that 
eggs of a sea-urchm could be fertilized by sperm of a worm, but if the sperms of both animals were mixed 
together, both lost their abih ty to fertihze the sea-urchm eggs Results similar to Godlewski's, from o\per- 
ments in vitro with plant pollen, are reported by O’Connor (27 ) , who found that development of the tubes 
of one kmd of pollen was cheeked or inhibited in the presence either of pollen or of extracts of the stigmas 
and other tissues of a plant belonging to another species, genus, or family He concluded (27, p 48O) that 
the inhibiting substances probably are ammo compounds and that “m angiosperms, each species contains 
withm each cell substances which are toxic to foreign pollen ” 

18 It would be diflOlcult to explain pollen antagonism as observed m cotton on the basis of an ovarian secre- 
tion unl^ the selection between the two kinds of pollen becomes operative only after their tubes have 
entered the ovary Otherwise it would be necessary to assume that a stimulus initiated by the tubes of 
the like pollen as they penetrate the stigmas is transmitted downward to the ovary, causing production of a 
secretion which, diffusmg up through the style, acts unfavorably upon the development of the tubes of 
the unlike pollen 

^ Paton (MS) mvestigated the pollen of 18 species of plants and detected 10 different enzymes 5, of which, 
inciudiiig pectmase, were present m all the pollens Green (tM, p 409) found that “the style itself contains 
©azymes to assist m preparing the reserve materials for absorption by the pollen tube, while the latter ex- 
the s^e ferments iluring its progress down the conducting tissue ” The same investigator also 
discovered that “when the pollen gram has lost the power of germinating, the quantity of diastase has 
matoaly defflceas^.” The complexity of the chemistry and physiology of pollen has been brought out 
m studies by Brmk and by other investigators whose work he reviews (4, 5, d, 7) , 
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{actor tended to nullify rather than to accentuate the appearance of 
selective fertilization 

Comparisons of the degrees of fertihzation effected when the styles 
were excised at shorter and at longer intervals after pollination and of 
populations grown from seeds in the upper and m the lower half of 
the boll gave no consistent evidence of a differential rate of growth 
of the tubes of the like and of the unhke pollen. This factor, appar- 
ently responsible for selective fertihzation as observed m Zea, Oeno- 
thera, and other plants, does not accoimt for the situation met with 
in Gossypium 

The only explanation that seems tenable is that the presence of 
the hke pollen induces a reaction m the stigmatic tissues of such 
nature as to render them less suitable for the development of the 
unlike pollen. Apparently the effect is extremely local or else indi- 
vidual pollen grains differ greatly in their abihty to withstand the 
unfavorable condition, since in all the experiments with pollen mix- 
tures some of the ovules were fertilized by the unhke pollen 

Evidence of the localization of the reaction was afforded by an 
experiment in which the like and unlike pollens were (1) deposited 
separately on opposite sides of the same stigmas; (2) mixed, but not 
intimately, and applied to the whole surface of the stigma; and (3) 
mixed intimately and applied to the whole surface. The percentage 
of homozygous plants was least in the population from treatment 1 
and greatest in the population from treatment 3. 

Experiments in which the viabihty of the like pollen was destroyed 
by maceration before it was apphed to the stigmas gave conflicting 
results, but the weight of the evidence favors the conclusion that the 
inhibiting effect upon the imlike pollen takes place only when the 
like pollen is intact and viable. Therefore, ;penetration of the stigmas 
by the tubes of the hke pollen seems requisite to the setting up of 
the reaction This supports the assumption that the inhibiting sub- 
stance is produced in the stigmatic or stylar tissue in response to a 
stimulus supphed by the tubes of the hke pollen. 

If the hypothesis is well founded, the phenomenon observed in 
cotton is of a chemical or physiological nature The term pollen 
antagonism” is suggested in ordei to distinguish it from the selective 
fertihzation observed in other plants and attributed to differential 
growth rate of the pollen tubes, conditioned by specific genes deter- 
mining the rates of growth 

Little or no selective fertilization was observed between more nearly 
related forms, these bemg two families of Pima cotton differing only 
in a simple Mendehan character. The evidence is too scanty, how- 
ever, to warrant the conclusion that the degree of pollen antagonism 
in cotton is definitely related to the degree of consanguinity, as Jones 
found to be the case with selective fertilization in maize. 
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LIGHT INTENSITY IN RELATION TO PLANT GROWTH 
IN A VIRGIN NORWAY PINE FOREST ^ 


By Hardy L Shirley ^ 

Associate Silvicidturistf Lake States Forest Erperitnent Statioriy Forest Service, 
United States Department of Agncidture 

INTRODUCTION 

One of the vital problems confronting foresters in the L^nited 
States IS that of securing a vigorous stand of young trees to replace 
those removed m logging. Any cuttmg necessarily changes the 
conditions for plant growth m the forest The forester is concerned 
with the type of cutting which will prove most favorable for the 
establishment and growth of a new stand. 

The virgin forest offers an ideal place to study the effects of various 
factors on forest reproduction, because in it can be found trees of 
various ages, openings of different sizes, and many densities of upper 
canopies, in addition, an ample seed supply is usually present. It 
should be possible, therefore, from a careful study of conditions in 
virgin stands, to gain much mformation on the reqmrenients of the 
young growth and on what might be expected from various types of 
cutting It was with this idea m mind that the writer undertook a 
study of light conditions and forest growth in a virgin Norway pine 
forest. 

The present study does not attempt to take into consideration all 
factors which affect plant grow^th, but rather to take measurements of 
a single factor and to see how’’ these measurements may be correlated 
with the vegetation present As showm by Adams (f),^ air tem- 
perature, soil temperatiu'e, soil moisture, relative humidity, and 
evaporation are all changed by thinmng a forest stand. All of these 
factors, as w'ell as light intensity, are more or less directly correlated 
with solar radiation. If, therefore, within any clmiatic and edaphic 
unit area a single factor is to be chosen for correlation with forest 
grow^th, hght would seem to be the most promising 

Forest trees, howev^er, as shown by Tourney {16) and others, tend 
to deplete soil moisture more rapimy than less massive forms of 
vegetation It should be borne in mind, therefore, that root com- 
petition for both moisture and nutrients is an important concomitant 
factor to be taken into accoimt m determining the significance of the 
light data obtained in this study In this connection, however, it 
may be mentioned that prelimmary results in the Lake States indicate 
that an overstory tends to protect the undergrowth from severe 
drought injury. 


1 Received for publication July 25^ 1931, issued April, 1932. “Light,” in this paper, is used syn- 
onymously With solar radiation unless specifically qualified 

2 The writer wishes to acknowledge his mdebtedne^ to Mary G Shirley, who assisted him with the 
vegetation enumeration in the field and w ith the editmg of the manuscript 

3 Reference is made by number (italic) to Literature Cited, p 244, 
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Common Name 

Aster 

Late aster 

Harebell 

Common pipsissewa 

Bastard toadflax 

Erect bindweed 

Trailing-arbutus 

Fire weed 

Virginia strawbeiry 

Northern bedstraw 

Cream pea vine 

Puccoon 

Narrowleaf cow wheat 

Fringed poly gala 

Rattlesnake-root 

Sidebells pyrola 

Roundleaf pyrola or shinleaf. 

Dwarf dewberry 

Goldenrod 

American germander 

Early meadow rue 

American starfloiver 

Cow vetch 

Violet. 


Scientific Name 
Astei sp incerf 
Aster tardiflo) us L 
Campanula rotimdifoha L. 

Chimaphila umhellata (L ) Nutt 
Comandia pallida A DC 
Convolvulus spithamaeus L 
Epigaea ? epens L 

Chamaeneiion angushfolium (L ) Scop., 
syn Epilohium angusiijolium L 
Fragaria virginiana Duchesne 
Gahum boreale L 
Laihyrus ocht oleucus Hook 
Lithospermum cariescens (Michx.) Lehm. 
Melampyium hneare Lam 
Polygala paucifoha Willd 
Prenanthes alba L 
Pyrola secunda L 
Pyrola amencaria Sw'eet 
Rub us tnfloius Richards 
Solidago sp 
Teucrmm canadense L 
Tkahcti um dioicurn L 
Tuentalis americana (Pers ) Puish 
Vicia cracca L 
Viola conspersa Reichenb 


RELATED INVESTIGATIONS 

Studies on the growth of plants exposed to different intensities of 
light indicate that growth is almost directly proportional to the anmunt 
of light available up to values of about 700 foot-candles of artificial 
light or about 50 per cent of full sunlight in latitudes of the northern 
United States Intensities higher than 50 per cent sometimes cause 
a decrease in growth, especially m plants whose natural habitat is m 
the shade (W) Shantz (11), working in Louisiana, found that sev- 
eral plants produced maximum growth with 15 per cent of full sun- 
light, while others required 50 per cent or more Zillich (17), m Ger- 
many, found that several weeds produced best growth in 33 per cent 
hght; cultivated plants, on the other hand, produced maximmn dry 
weight m 100 per cent light and showed a marked decrease when 
shaded Many others have studied the influence of shading on plant 
growth and similarly reached the conclusion that slight shadmg is 
sometimes beneficial, whereas heavy shading invariably causes a de- 
crease in growth The amount of shading required to obtain the best 
growth varies with the latitude and climatic conditions of the station 
in question. 

The effect of shade in natural forest stands has also been studied, 
but the results are somewhat less consistent Moore (S) estabhshed a 
series of seed spots in dense shade and in small openings in four forest 
types of Mount Desert Island, Me He sowed Norway and northern 
white pmes and white and red spruce seed in prepared spots Sur- 
vival was poor for all species in the shade, except m the northern 
hardwood type Growth and vigor of the seedlings were in every case 
markedly better in the small openmgs 

Pearson (S, 10) studied the growth and survival of western yellow 
pine m the southwestern United States, with particular reference to 
the influence of hght. He found that after a good seed year, seedlmgs 
would come up even more abundantly on the bare areas under the 
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The common and scientific names of trees, shrubs, and herbs 
mentioned in this article are as follows:^ 


Common Name 

Red maple 

Paper birch 

Jack pine 

Norway pine 

Northern white pine 

Aspen 

Pm cherry 

Red Oak! 

Bur oak 


TREES 

Scientific Name 

« Acef! ruhrum L 
_ Betula 'papyrifei a Marsh 
_ Ptnus banksiana Lamb 

- Ptnus restnosa Soland 
_ Ptnus strobus L 

_ Populus tremulotdes Michx. 
_ Prunus pennsylvanica L f. 

- Quercus borealis Michx f 

_ Quercus macrocarpa Michx 


SHRUBS 


Alder 

Thicket shadblow or June berry 

Bearberry 

Inland Jersey-tea 

Bunchberry 

American hazelnut 

Beaked hazelnut 

Dwarf bush-honeysuckle 

Wintergreen 

American twinflow’er 

Appalachian cherry 

Chokecherry 

Rose r 

Red raspberry 

Willow 

Lowbush blueberry 


Alnus rugosa (Du Roi) Spreng and A. 
tncana (L ) Moench 

Amelanchiej oblongifoha (Torr and Gray) 
Roem 

Arctostaphylos uva~w st (L ) Spreng 
Ceanothus ovatus Desf 
Coinus canadensis L 
Corylus amencana Walt. 

Corylus rostrata Ait 
Dtervtlla lontcera Mill 
GauUhena procumhens L 
Ltnnaea borealis L , var amencana 
(Forbes) Rehder 

Prunus susquehanae Willd (syn P 
cuneata Raf ) 

Prunus vtrgimana L 
Rosa sp 

Rubus tdaeus L , var aculeatissimm 
(C A Mey ) Reg and Til 
Saiix spp 

Vaccinium angustifohnm Air (syn V. 
pennsylvamcum Lam ) 


HERBS 


PTEBIODOPHYTES 


Groundcedar. 
Bracken 


Lycopodium complanatum L 
Ptendium aquihnum (L ) Kuhn, syn 
Pteris aquihna L. 


MONOCOTYLEDONS 


Sedge Carez sp 

Bluebead Chntonia boi ealis (Ait) Raf 

^ramineae sp 

Mayflower Umfolium canadense (Desf) Greene, 

syn Maianthemum canadense Desf, ^ 


DICOTYLEDONS 


American wood anemone, 
Puss3rfcoes or everlasting. 

Spreading dogbane 

Wild sarsapariUa 

Smooth aster 

Bi^eaf aster 


Anemone quinquejolia L 
Aniennaria sp. 

Apocynum androsaemifolium L 
Araha nudicaulis L. 

Aster laevis L 
Aster macrophyllus L. 


“ Horticultural Nouieu- 
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give way to enchanter’s nightshade when the light increased some 
sixfold Various other plants were associated vnth the higher hght 
values There seemed to be a very definite tendency for the vegeta- 
tion to change with changing light conditions 
^ Atldns and Stanbury (4) made a study of illummation and plant 
distribution in spruce, larch, oak, and holm oak woods Under the 
shade of a dense spruce stand {Picea excelsa) hght values were about 
1 to 2 per cent, and only ivy and wood sorrel seemed able to survive. 
Increasmg hght up to about 9 per cent allowed Rubus, ash, hazelnut, 
and sycamore maple to come m Larch and oak stands had about 
10 to 15 per cent light and supported a good woodland flora Holm 
oak reduced the light to 1 to 3 per cent Under this only ivy seemed 
able to thrive 

Stallard (14) describes secondaiy successions in northern Mmne- 
sota forests His paper contains a description of the undervegetation 
in Norway pine forests and the successional changes brought about 
by increasmg shade He gives curves showing the annual height 
growth of Norway, northern white, and jack pines from 1 to 28 years 
of age, growmg in the shade and in the open The curves for jack 
pine show rapid falling off in growth wuth shading, particularly under 
Norway pine canopies Norway pme seedlmgs, on the other hand, 
appear able to grow at a reasonable rate when shaded by jack pine 
but not so rapidly as in the open Northern white pine on heavy 
soils showed almost as rapid height growth in the shade of hazel, 
aspen, and birch (10 to 30 per cent light) as m the open Stallard 
considers that Norway and white pmes form the mature stage in the 
succession in coniferous forests of Mmnesota 

THE STAND 

This study was carried out on the Chippewa National Forest 
located in the north-central part of Mmnesota. Along the shores of 
Cass Lake and Pike Bay are 10 sections of Norway pine forests which 
have been undisturbed by logging operations, except to remove dead 
and dying trees at 5-year mtervals All this area has been subject 
to fires at various times during the past. However, most of the fires 
have been comparatively light, since none of them killed many of 
the large trees The trees average more than 200 years in age and 
are fine, tali specimens, tjrpical of the virgin Norway pme stands of 
the Lake States (Fig. 1.) The trees average about 90 feet in height 
and in many places stand as dense as their crowns will permit. Nu- 
merous openings up to 300 or more feet in diameter can be found in 
the forest. They were perhaps caused by fire, vund, or other destruc- 
tive agencies The undergrowth is composed mostly of woody shrubs, 
among which bearberry and blueberry are dominant. Many of the 
openings are growing up to vigorous stands of young Norv^ay pine 
and others to hazelnut, oak, and paper birch The lower vegetation 
throughout is fairly luxuriant and is indicative of the presence of 
ample moisture and light for satisfactory plant growth. Scattered 
through the Norway pmes are occasional white pines, usually larger 
and overtoppmg the Norways Under the old white pmes there can 
almost mvariably be found numerous white pme seedlmgs. Where 
Norway and white pine seedlmgs have an equal chance for establish- 
ment white pine seems to be more abundant. Jack pine seed trees 
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clumps of trees than in the openings Practically all of those in dense 
shade died, however, or became unthrifty within four or five years 
Even on the north side of tree groups survival was poor and annual 
height growth was only 0 4 inch to 3 mches, as against 3 to 6 inches 
for seedlmgs of the same age m adjacent openings 

Gast (5), during an entire growmg season, measured the total radi- 
ation received at three different stations where cuttings had recently 
been made These measurements were correlated with the growth of 
the leaders of white pine saphngs He found the leader growth to be 
apparently directly proportional to the radiation, up to the intensity 
of full sunlight The average leader growth of white pine trees 11 
years old under a canopy transmitting 27 per cent light was only 2 
inches per year and showed little increase with increasing age of the 
trees He believes this to represent about the minimum radiatioii 
intensity for growth of white pine. Smce Gast^s measurements of 
sunlight were made by a continuously recording mechanism operating 
throughout the summer, his percentage values are higher than those 
of most workers who make readings only on bright days 
Holch (7) grew bur oak, red oak, hickory, linden, and walnut on 
three forest sites — the prairie, a bur oak forest, and a linden forest 
The light values averaged 10 4 per cent for the oak and 3 5 per cent 
for the linden station on the basis of the prairie station as 100 per cent 
The growth of both roots and shoots was greatest for all species in 
the praine and least m the Imden forest, where most of the plants 
died before the end of the third season Photosynthesis was very 
rapid in all species at the prairie station, was weak at the bur oak 
station, and very weak at the linden station Evaporation, tran- 
spiration, and soil and air temperatures decreased with decreasing 
light, and soil moisture increased Soil moisture was, however, suffi- 
cient in all three sites. Under the conditions of Holch’s experiment, 
survival, growth, and photosynthesis were directly correlated with 
light and inversely correlated with available water content of the soil 
Grasovsky (6) placed northern white pine, Norway pine, hemlock, 
red oak, and chestnut oak seedlmgs in boxes with a window m one end 
At the end of 10 months those so far removed from the window that 
they received^ no more than 300 foot-candles of illuimnation during 
the entire period were still ahve and apparently m vigorous condition 
No measurements of dry weight were made to determine whether the 
plants had actually grown Grasovsky states that only a moderate 
increase over the minimum light-intensity requirement for survival 
was necessary to maintain growth and that thereafter the effect of 
added light on growth was not at all proportional to the intensity 
Measurements of the light intensity under white pine canopies showed 
it to be in all cases in excess of the minimum light requirements of 
the plants tested. He concludes that the mtensity of light reaching 
the forest floor is not the limitmg factor m accountmg for the presence 
or absence of forest reproduction in the fully stocked stands where the 
investigation was conducted His conclusions are somewhat at 
varimce with those cited above The mvestigations, however, were 
carried out under conditions sufliciently different to account for any 
discrepancies in results 

^ AtBns and Poole (S) studied the correlation between light inten- 
sities and plant distribution in an old garden. In the deepest shade 
imj found only straggling branches of Enghsh ivy which tended to 
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METHODS 

All field work was carried out doing the summer of 1930 Fifty 
plots, approximately one-tenth acre in size, were laid out in groups 
of three to five and chosen to show differences in forest reproduction 
A typical group would contam one plot vuthout forest reproduction, 
one plot in which the forest reproduction was present but was making 
very poor growth, one plot in which the forest reproduction was 
making rapid growth, and perhaps one plot occupied by aggressive 
brush species A temporary stake marked the center of each plot 
The soil was examined to a depth of 8 mches. General notes were 
taken on the character of the stand, the date of the last fire, and the 
general character of the undergrowth. 

Two quadrats, 0 001 acre each, were laid out at equal distances 
on opposite sides of the center stake On these quadrats all conif- 
erous reproduction was coimted and the average age and height 
determined The mean annual height growth of the conifers was 
found by dividing the average height by the average age 

All species of plants growmg on each plot were listed and their 
relative abundance estimated in three classes Class 1, less than one- 
twentieth of the area occupied; class 2, one-twentieth to one-fifth of 
area occupied, and class 3, more than one-fifth of area occupied 

LIGHT MEASUREMENTS 

Measurements of total and diffuse radiation on cloudless days were 
made with a thermopile (13) at 10 points uniformly distributed over 
the area of each plot The measurements were converted to per- 
centages of the radiation intensities in the open and averaged for 
the entire plot. It was originally intended to use the readings of 
diffuse light as a basis for correlation, but it was found that a very 
considerable amount of direct sunlight is reflected from leaves, 
hence measm*ements of diffuse hght included not only the sky light 
which penetrated the canopy but in addition a large amount of re- 
flected sunlight It was mso found that measurements of diffuse 
light were only roughly correlated with measurements of total sun- 
light. Over a range of from 30 to 100 p< cent of total sunlight, 
diffuse light changed from only 52 to 66 per mt 

It was felt, therefore, that the measurements of diffuse radiation 
made did not give an accurate evaluation of the light available to 
the undervegetation. 

Measurements of total radiation, on the other hand, show such 



readings ranged from 1 to 14 per cent. 


Table 1 — Standard deviations of light measurements hy 10 per cent intensity classes 


Intensity class 

Mean 

value 

Plots 

Standard 
deviation 
of mean 

Intensity class 

i 

Mean 
value 1 

Plots 

Standard 
deviation 
of mean 

fi-fl p«r fifint 

Per cent 

4 0 

Number 

5 

1 1 

50-59 per cent- 

. 

1 Percent 
> 56 0 

Number 

8 

4 3 


17 0 

1 

4 0 

60-69 per cent 

' 63 5 

6 

4 9 

20-“^ p^r 

25 0 

9 

2 8 

70-79 per cent 

1 75 0 

2 

8 7 

30-39 per oe'nt 

36 0 

5 

4 6 

80-89 per cent 

89 7 

1 1 

9.0 

40-49 per cent 

44 0 

5 

5 1 

90-100 per cent 

I 92 0 

1 

2 

1 0 
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are less common than white pine and are usually found in groups in 
the larger openings or in more or less pure stands along the periphery 
of the old Norway pine ^Vhere jack pine seed is available the seed- 
lings are usually present and. grow quite rapidly. 

Wherever pine reproduction has become sufficiently well estab- 
lished to exclude most of the other vegetation it is entirely too dense 
for good growth On practically all the plots examined the young 
pines were too ciowded to make rapid growth or they were suffering 
from competition vdth other plants Apparently not until the young 
saplings have attained a height of 10 to 20 feet is there sufficient 
expression of dominance for the leadem to make rapid growth 
On only two of the plots included m this study had the stand reached 
this stage, and on each of them the dominant trees showed recent 
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PiGUitE 1 —Typical virgin Norway pme stand, with young Norway reproduction m the openings. 
These saplings are about 18 years old and 4 to 5 feet high 


annual height increments of 1 foot and more The average height 
growth for trees less than 6 feet high in crowded stands is about 0 3 foot. 

The soil is of fluvioglacial origin It is classed as fine sand and is 
weakly podsolized The humus layer is usually less than 2 inches 
thick and tends to decompose rather rapidly The gray leached layer 
is usually 6 to 8 inches thick, and the brown layer generally extends to 
a depth of 2 or more feet During the dry penod in the summer of 
1930 practically all the available moisture was withdrawn to a depth 
of 2 feet Below this depth the soU was in most places quite moist. 
Most of the plots examined lay less than 20 feet above the lake level 

A good crop of cones was produced by the old trees m the fall of 
1930, and there ,is every reason to suppose that ample seed has been 
produced at intervals of from three to seven years dunng the past 
century. Absence of forest reproduction on any particular spot can, 
therefore, scarcely be attributed to lack of available seed m the past. 
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arbitranly represented by averaging its class numerals 1, 2, and 3 for 
all plots m their light class Plots on which a given plant did not 
occur were not used m determining the abundance for the class 
Frecj[uencies weie determined by dividing the number of plots on 
which a given plant occurred in an intensity class by the number of 
plots in the class Abundance and frequency curves are shown in 
Figures 5, 6, and 7, with numerals showing tlie number of plots used 



RADIATION INTENSITY - CENT OF TOTAL SUNLIGHT 


ONORWAYPINE •WHITE PINE © JACK PINE 

Figure 3 — Correlation between light intensity and the mean annual height growth of j oung 
Norway, white, and jack pmes growmg m a virgm Norw ay stand Numerals indicate number 
of plots in each class 

in determining a point The weight on the abundance point divided 
by the weight on the correspondmg frequency point gives the fre- 
quency Only plants occurring on at least 10 plots are used in these 
figures 

LIGHT AND NATURAL REPRODUCTION 

The number of trees per mil-acre is plotted against light in Figure 2 
The poor showing of jack pme may be the result m part of insumcient 
light, but undoubtedly the chief reason for its sparsity is lack of seed 
trees. The comparatively small number of white pines established 
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The plots were grouped in 10 per cent light-intensity classes, de- 
pending upon the mean light values for each plot Standard devia- 
tions were again calculated for each group of plots These are given 
in Table 1 The points shown on the curves in Figures 2, 3, and 4 
may therefore be considered to be in error as much as 5 per cent 
either way in light measurements This is probably considerably 
less than "the error m sampling the vegetation and coniferous repro- 
duction. 
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RADIATION INTENSITY - PER CENT OF TOTAL SUNLIGHT 
O NORWAY PINE •WHITE PINE ©JACK PINE 
Figure 2 —Correlation between light intensity and abundance of Norway, white, and jack pines 

ANALYSIS OF MATERIAL 

Height measurements and number of trees per mil-acre (one- 
thousandth acre) were averaged for each plot These were then 
plotted against light intensity and averaged by 10 per cent classes 
(Figs. 2, 3, and 4 ) Plots showing evidence of fire since 1918 were 
not included in determinations the results of which are shown in 
these figures. The number of trees per mil-acre in any class is obtained 
by averaging the number per mil-acre found on each plot in the class 
The number of plots occurring in each class is shown by a numeral on 
the graph. ^ The mean annual height growth is likewise averaged by 
light-intensity classes. In this case, however, plots having no conif- 
erous reproduction were not used in finding the average point. The 
wri^ht on a point shows the number of plots used in determining its 
portion. The abundance of a plant in any 10 per cent light class is 
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FibURL 5 —Correlation bet^ een light intensit\ and the frequency and abundance of vari- 
ous woody plants found growing in a virgin Norway pme stand Numerals mdicate 
number of plots used to determine the point 
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IS also due to lack of seed. The curve for Norway pine, on the other 
hand, well illustrates the correlation between light and establish- 
ment None of the three species mentioned was able to become estab- 
hshed where less than 5 per cent light was available At 17 per cent 
light, establishment was fair — the equivalent of 3,000 trees per acre, 
which is about the mi nim um number for satisfactory natural ropj-o- 
duction Any hght value higher than 35 per cent seemed to bo 
excellent for the estabhshment of Norway pine seedlings, as all plots 
averaged more than 6,000 trees per acre. 

If Norway pine seedlings are not present on areas receiving 36 per 
cent hght or more, no method of cutting the old stand is lilcely to better 
matters, smce factors other than light are operative in keeping the 
pine out The lowest average hght intensity on any plot shaded only 
by old Norway pine was 17 per cent This plot had the equivalent of 
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RADIATION INTENSITY - PER CENT OF TOTAL SUNLIGHT 


CONIFEROUS REPRODUCTION UNDER VIRGIN NORWAY PINE 

Figuee 4 —Correlation between light intensity and mean annual height growth of stands of young 
Norway, white, and jack pines Numerals indicate number of plots in each class 

3,500 pine seedlings per acre It seems, therefore, that virgin Norway 
pine stands are not likely to be so dense as completely to exclude 
coniferous reproduction 

Although the shade cast by the old Norway pines themselves may 
never be too dense for the establishment of reproduction, that cast by 
an understory of hazelnut, birch, alder, and other shrubs may quite 
effectively exclude pine seedlings. Fifty-five measurements taken of 
hght beneath brush canopies gave values ranging from 0.7 to 15.8 
per cent, with a moan of 4 4 per cent and a median of 3 5 per cent. 
Only rarely are pine seedlings able to grow through an understory of 
such density. In practicahy every case where the brush formed a 
continuous canopy, pine reproduction was either absent or in very 
poor condition. The whole study points to the importance of the 
undergrowth in determining coniferous establishment in virgin stands* 
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slow to insure thrifty development of the young stand. In fact, 
trees showing only one-half inch yearly growth are generally extremely 
unhealthy or actually dying 

LIGHT AND THE GBOUND COVER 

The frequency and abundance of other plants are plotted against 
light intensity in Figures 5, 6, and 7. The curves given are based on 
estimates rather than accurate counts; hence only general trends are 
considered sigmficant In studying these curves, particularly the fre- 
quency, attention must be paid to the weights of the points, as any 
point with a weight of 1 can have only frequencies of 0 or 100 per cent 
and one with a weight of 2 may have in addition only 50 per cent. 

Table 2 — Classification of giound cover as to abundance under different light 

intensifies 


Cover never abundant 

Cover abundant at high 
mtensities 

Cover abundant at in- 
termediate mtensities 

Cover abundant at 
low intensities 

Paper birch. 

Jack pine 

White pme 

Bunchberry 

Eed maple 

Xorway pine 

Alder 

American twinflower 

Bur oak 

Inland Jersey-tea 

American hazelnut 

Groundcedar. 

Red oak 

Bearberry 

Beaked hazelnut 

Bluebead 

Aspen 

Bracken 

Dwarf bush-honeysuckle 

American germander 

Thicket shadblow or June 

Sedge 

Rose 

berry 

Grass 

Wintergreen 


Pin cherry 

Mayflower 

Lowbush blueberry 


Appalachian cherry 
Chokecherry 

American wood anemone 

Wild sarsaparilla 


Pusstyoes or everlasting 

Bigleaf aster 


Willow 

Aster 

Traihng-arbutus 


Red raspberry 

Smooth aster 

Northern bedstraw 


Spreading dogbane 

Late aster 

Harebell 

Common pipsissewa 

Cream pea vine 

Puccoon 

Fnnged polygala 
Rattlesnake-root 

Roundleaf pyrola or shinleaf 
Sidebells pvrola 

Early meadowrue 

Cow vetch 

Violet 

Erect bmdweed 

Bastard toadflax. 

American starflower 
Narrowleaf cowwheat 

Virgima strawberry. 
Goldenrod i 

Fireweed. 

i 

Dwarf dewberry. 

1 

1 



Table 3. — Classification of ground cover by tendency to high frequency of occurrence 

under different light 


Indefinite 

Gieatest at high in- 

Greatest at mtermediate 

Greatest at low m- 

tensities 

mtensities 

tensities 

Pin cherry 

Paper birch 

Jack pine 

Red maple 

White pme 

Red oak 

Aspen 

Bur oak 

Dwarf bush-honeysuckle 

Norway pine 

Inland Jersey-tea 

Bunchberry 

Wintergreen 

Alder 

Rose 

Beaked hazelnut 

Appalachian cherry 

Thicket shadblow or 

Spreading dogbane. 

American twmflower 

Red raspberry 

June berry 

Late aster 

j Chokecherry 

Willow 

Lowbusb blueberry 

Bearberry. 

Amencan hazelnut 

Common pipsissewa 
Bastard toadflax 

Groundcedar 

Bluebead. 

Grass 

Sedge 

Erect bindweed 

Wild sarsaparilla 

Mayflower 

Pussytoes or everlastmg. 

Narrowleaf cowwheat 

Bigleaf aster 

Bracken 

Smooth aster. 

Fringed polygale 
Rattlesnake-root 

Northern bedstraw 

American wood anemone 

Aster 

American germander 

Cream pea vine 

HarebeH 

Sidebells pyrola 

Early meadowrue 

Puccoon 

Trailmg-arbutus. 

Amencan starflower 

Cow vetch 

Roundleaf P 3 nrola or shinleaf 

Fireweed 

Virgima strawberry 
Goldenrod 
^ lolet 


Dwarf dewberry. 
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The minimum light value m which Norway and white pines can 
exist seems to be between 1 and 5 per cent Twenty-one measure- 
ments of light beneath dense Norway pine reproduction gave values 
langing from 0 9 to 8 2 per cent with a mean of 3 4 per cent and a 
median of 3 0 per cent. No young seedlings were actually growing 
where these low values prevailed, yet the saplings themselves were 
able to reduce the light to that value If it is assumed that green pine 
needles can not persist long in hght values too low to supply energy 
for their own photosynthetic needs, then the minimum hght require- 
ments for survival would be approximately equal to the intensity 
prevaihng beneath the very dense stands This value is, however, 
probably nearer the minimum requirement for survival where other 
factors are favorable, and would be, therefore, much lower than the 
value required for estabhshment and growth of pines in the forest 

LIGHT AND HEIGHT GROWTH 

In Figure 3 the mean annual height growth for Norway, white, and 
3aek pmes is plotted with hght mtensity as abscissas Both white 
pine and jack pine were usually sparse m the understory, hence the 
cmves show great irregularities. Norway pine, on the other hand, 
shows a fairly regular trend It can be seen that up to about 63 per 
cent hght, at which pomt Norway pine showed a maximum, the 
growth mcreases fairly regularly with mcreasing light Jack pine 
shows a maximum at 75 per cent and white pine at 36 per cent The 
ability of a species to attain maximum height growth at low light 
values may be considered as a measmre of its relative tolerance The 
relative tolerance of the three species, as determined by this method, 
IS, in decreasing order, white pine, Norway pme, and jack pme This 
IS the order of tolerance commonly accepted in this region. 

At this point it is well to consider the actual maximum values 
"iVhite pine showed a maximum mean annual growth of 0 33 foot or 4 
mches, Norway pme of 0 25 foot or 3 inches; and jack pine of 1 05 
feet or 12^ inches Except for jack pine, the maxima are low They 
do not represent the maximum possibilities of the species, but rather 
the average maximum growth attained in crowded stands beneath an 
upper canopy One plot, located in the center of an opening about 
200 feet in diameter, is covered with a dense stand of Norway and 
white pines approximately 26 years old and 20 to 30 feet in height 
White pine has grown more rapidly than Norway pine and appar- 
ently vnl soon almost completely occupy the area The true maxi- 
mal height growth, therefore, for Norway and white pines is much 
greater than 3 to 4 inches a year and seems to occur m full sunlight 
rather than in shade. This is indicated by the last point on the curves 
of Figure 3 

In Figure 4, the mean annual height growth of Norway, white, and 
jack pines is weighted for the actual number of trees of each species on 
each mil-acre quadrat. This gives a better picture of the actual 
powth of the stands of yoimg reproduction, smce the species which 
had gained ascendancy on a given plot seemed to be related to chance 
as well as to light values. A straight line is drawn on the chart to 
show how^ nearly the growth is proportional to the light intensity. 

Approximately 35 per cent hght appears to be necessary for reason- 
good growth. In light values below 20 per cent growth is too 
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Virgin Norway pine stands 200 years old or older are not likely to 
be so dense that Norway seedlings can not grow underneath the old 
trees If, on the other hand, alder, hazelnut, birch, and other plants 
become established in the openings m a virgm stand, they may quite 
effectively exclude all conifers Removing the remaining old trees 
from over the underbrush is not likely to result m conifers becommg 
established unless the brush cover is broken up by logging operations. 
In markmg trees for cutting at the end of a forest rotation, attention 
should be paid to the undergrowth as well as the mature trees, as a 
stand of shrubs and aggressive herbs may rapidly take over the area 
before comfers can be established. On areas devoid of reproduction 
and having 35 per cent or more light, some other treatment than 
cutting the old stand should be given to bring in the desired stand of 
young trees 

The gradual enlargement of small openings in which reproduction 
IS already established would seem to be the ideal method not odIj for 
getting a good establishment of reproduction in an old stand but also 
for providing best conditions for its subsequent survival and growth. 
Such a method, which is essentially the group selection system, also 
tends to discourage the active competitors of conifers which seem no 
more able to thrive beneath a dense canopy of young pme than the 
pine is able to thrive beneath dense underbrush. 

These recommendations as to proper silvicultural treatment are 
at present offered chiefly as suggestions, smce their application to 
areas outside the stand actually investigated has not been 
demonstrated 

SUMMARY AND CONCLUSIONS 

In a virgm Norway pine stand studied in relation to light and to 
other vegetation, approximately 35 per cent light, or a crown density 
of about two-thirds, seems to offer satisfactory conditions for the 
establishment of Norway pine seedlings. Light values below 17 per 
cent result in uncertain establishment. The number of trees per 
acre seems to continue to increase with the light up to the intensity 
of fuU dayhght 

The height growth of Norway pine increased with increasing light 
up to 63 per cent White pine showred a maximum grow^th at about 
36 per cent light, and jack pme at 75 per cent These maxima are 
believed to be apparent maxima applying only to the conditions in 
the stand studied. The fact thkt white pine attains maximum height 
at lower values than Norway pine, and Norw^ay pine at low^er values 
than jack pine indicates that white pine is the most tolerant of shade 
and jack pine least. This is in agreement with current opinions 
based upon other methods of study 

When the growth of the stand is considered instead of the growth 
of individual species, there is a more defimte correlation between 
the light intensity and height growth, which tends to approach a 
linear relationship. 

The light intensities commonly prevailing in virgin stands of 
Norway pine are not lilvely to be too low for the establishment of 
reproduction. On the other hand, understories of hazelnut and 
other shrubs, which reduce the light to less than 5 per cent, quite 
effectively exclude coniferous seedlings. 
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An examination of tlie curves in Figures 5, 6, and 7 shows that 
several species exhibit the same general tendencies in their response 
to light In Table 2 they are separated into four groups— those never 
abundant, those most abundant at high light intensities or tending to 
become more abundant with increasing light, those most abundant at 
intermediate light intensities, and those most abundant at low light 
intensities Tins table shows also that the number of species m each 
group decreases with decreasing light intensities 

The frequency of plants in a given hght intensity class is perhaps 
more subject to chance variation than the abundance, hence, the 
frequency curves show more irregularities Some curves are too 
irregular to show any definite trend. In Table 3 the plants are 
grouped according to their tendencies to be most frequent at high, 
mtermediate, or low light values 

Examination of Tables 2 and 3 will show that certain species appear 
to be misplaced. Aspen, beaked hazelnut and bur oak are ordinarily 
considered intolerant and are usually found growing best on moderately 
heavy soils When these plants occur in Norw’ay pine forests they 
appear to do better in the shade This condition wmuld probably 
be reversed on a better soil 

COMPETITORS OF CONIFERS 

The most serious competitors of young conifers starting under the 
old Norway pine stand are beaked and American hazelnut, mland 
Jersey-tea, bracken, grass, sedge, lowbush blueberry, and bearberry 
Of these, hazelnut and lowbush blueberry seem to thrive best in light 
shade, but the others increase in abundance and in vigor with in- 
creasing light As Norw^ay pine does very poorly in less than 35 per 
cent light, it would seem best to maintain intensities of about 35 to 
50 per cent light (which corresponds to a crowm density of about one- 
half to two-thirds in virgin stands) until the Norway pine is sufficiently 
W'^ell started to be out of danger from competition by grass, sedge, 
bearberry, and blueberry, then to increase the light value by degrees 
up to 100 per cent Of course, regulation of crown density alone wull 
not free Norwny pine from competmg vegetation, but, by maintain- 
ing a crowm density wffiich is more favorable for Norwray pine than for 
some of its active competitors, the pine should have a" better chance 
to gain ascendency. 

RELATION OP LIGHT STUDIES TO SILVICULTURE 

The results of this study indicate that both the establishment and 
growth of young pines in a virgin Norway pine stand are definitely 
correlated with light intensity Individual plots show' considerable 
deviation from the general average, but these deviations are due in 
large part to inaccuracies in sampling the light intensity, inaccuracies 
in sampling the conifpous reproduction, and certain extraneous 
factors, chief of which is the competition of other vegetation. The 
study also mdicates that hght as a grow^th factor operates in the 
same way in the forest as in carefully controlled experiments with 
artificial conditions. The full effect of added light is, however, not 
always utilized in the forest because other grow'th factors may not 
be favorable. 



GROWTH RECORD OF FERTILIZED APPLE TREES GROWN 
IN METAL CYLINDERS^ 


By R D Anthony, Professor of Pomology, and W S Clarke, Jr., Assistant in 
Pomology, Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

In 1908 the Pennsylvania Agricultural Experiment Station began a 
series of fertilizer experiments m commercial apple orchards in several 
sections of the State The results (7, 8, 9f were so variable that m 
many of the orchards it was difficult to find significant differences 
between contrasted treatments Studies of these orchards and of 
the resulting data mdicated that four factors were chiefly responsible 
for the variability of the results: Imtial differences m soil fertility: 
differences in methods of management, especially the use of sod as 
compared vdth tillage; slope, which not only created initial fertility 
differences, but continued to accentuate them during the contmua- 
tion of the expermient, and genetic differences affecting the vigor of 
the seedling roots 

METHODS OP EXPERIMENTATION 

In 1918 it was decided to begin at State College a fertihzer experi- 
ment m which as many as possible of these variables w^ould be elimi- 
nated or considerably reduced m effect through the use of metal 
cylinders to confine the roots in umform soil. At the tune this experi- 
ment was being planned, the Delaware Agricultural Expermient 
Station was growmg peach trees in large concrete pits and the Florida 
station {3) had citrus trees growing in eight galvamzed-iron tanks, 
5 feet 3 inches by 4 feet; but, as far as the authors know, no success- 
ful attempt had been made to grow apple trees to maturity m this 
manner. While this expermient was under way, a number of experi- 
menters successfully used dwarf apple trees m pots m fertilizer studies. 
The recent work of Davis is an example (4). 

To secure greater uniformity of root growth it seemed desirable to 
use vegetatively propagated roots of a smgle cion. Through the 
cooperation of R. G. Hatton, of the East Mallmg Research Station, 
Kent, England, the requisite number of Mallmg Type 12 apple roots 
were forwarded m January, 1920, Unfortunately, this shipment was 
lost in transit The following year Professor Hatton sent a second 
shipment of the same stock, but was obliged to include stock of two 
ages — some that had been removed from the mound layer and growrn 
one year in the nursery row and some that had just been separated 
from the mounds. 

These roots were planted in a nursery at State College in the spring 
of 1921. Ten days later the older stocks were cut off and whip 
grafted with scions from a 10-year-old Stayman Winesap tree in the 
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In virgin Norway pine forests, the piesence of an understory of 
shrubs IS just as important m determimng the establishment of pine 
seedlings as the density of the old stand 

The group selection cutting system most nearly duplicates the 
conditions in a virgin stand which appear most satisfactory for the 
establishment and growth of the young trees 
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Because of the limited number of stocks available, it was not 
possible to make a close selection of the planting material. However, 
the smaller number needed when the two outer rows were planted 
made it possible to select fairly umform material for these rows The 
coefficient of variability with respect to weight of trees for the 28 in 
the middle four rows was 31 9 d= 3 2, for the outer two rows, 8 5 ± 1 1. 

The fertilizei treatments were planned to run north and south, 
wdth six trees m the row and seven rows available for contrasting 
treatments (Fig 1 ) Table 1 shows the attempt that was made to 
smooth off the variabihty of the material at the first planting. The 
two hghtest trees were planted m the two central rims of the east 
low and the two hea^dest in the two adjommg rims of the same row 
There is a progressive increase from east to west in the tree weights 
in the central two rows of trees, and from west to east in the adjoin- 
mg two rows. Thus there is a high degree of variability among the 
trees m the east row but four quite umform trees m the west row 

The entue area received the same treatment until May, 1924, 
when the trees had become well established Each year the tiees 
weie hoed during the spring and summer, and winter cover crops 
were grown 

Early in the planmng of this experiment it was seen that many of 
the problems could be solved only by chenucal studies \Villiam 
Frear, chemist of the Pennsylvania Experiment Station, made a pre- 
liminary study of available methods of attack, with the assistance of 
Walter Thomas, of the Department of Agricultural and Biological 
Chemistry. Since the death of the former in 1922, Doctor Thomas 
has had charge of the chemical research connected vith this proj- 
ect, while the Department of Horticulture has had charge of the 
care of the trees and the takmg of all field records 

The only priming given the trees while they were under uniform 
treatment was to remove the wood needed for chenucal analyses, 
most of the material being taken from the trees that had made the 
heaviest growth The correlation between the total branch elonga- 
tion of the trees for 1922, 1923, and 1924 and the length of the prim- 
ings lemoved from the trees was 0 37±0 09. This heavier pruning 
of the more vigorous trees helped to increase the umformity of the 
block. 

As long as this expeiiment was in progress, trunk circumference 
and branch elongation were measured each year, but not spur growth 
All growths under 5 cm were considered potential spurs In 1922 
the leaves were secured at leaf faU and weighed In after yearn leaf 
samples were weighed, but no estimates of the total leaf area or 
weight were made until 1927 at the time the trees were dug up. 

The coefficient of variability of the first year's total branch elonga- 
tion for the 42 trees was 46.3 ±4 1. This included the 1922 growth 
of rows B through E and the 1923 growth of rows A and F. When 
these 1923 records of rows A and F were used with the same year's 
records for the other rows, the coefficient of variability for total 
branch elongation was 24.2 ± 1.9, and for trunk diameter, 12.9 ± 0 97 
These figures indicate that the outer rows, though planted a year 
later, are fairly comparable to the inner four rows because of their 
larger size at planting 

A mixture of bluegrass and timothy was seeded m half of the rims 
on May 27, 1924. The coefficient of variability of the branch elonga- 
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college orchard, which, in turn, had been propagated from a tree 
used in one of the fertilizer experiments begun in 1908. In the sum- 
mer of 1921 the remaining stocks were budded from the same tree 

In the meantime, 42 cylmdem, or '^rims,” of ji-mch. boiler plate 5 
feet across and 5K feet "deep had been secured These were sunk 
in the ground to within 6 inches of the top at the corners of 20-foot 
squares, makmg 6 rows of 7 cylinders each The area of each rim was 
approxmiately one twenty-two-hundredths of an acre Each rim 
held about 5 tons of soil The bottoms of the cylinders were not 
closed, but were set on several inches of coarse crushed limestone 
The &st 3 or 4 inches of the filling were of this material It was 
expected that this layer of stone would prevent the downward move- 
ment of the tree roots, but this proved not to be the case. 

The soil used to fill these cylinders was taken from an area on the 
college farm that, as far as could be determined, had received little 
or no fertilizer The soil was dug in three layers, the first, 9% inches 
deep; the second, 9}< to 18K inches; and the third, from 18K to 60 
inches Each layer was thoroughly mixed and placed in the rims m 
its original order Water was run in when the soil was placed in the 
rims to assist in compacting it This work extended through the fall 
of 1919 and the spring of 1920. 

The soil used is classified as a Hagerstown silty clay loam. It 
has been formed in place by the weathering of the limestone of the 
lower Silurian formations. As the rims were filled, samples were 
taken for chemical and mmeralogical analyses The results of these 
exammations have been presented by Thomas (10). The soil is rich 
in a wide range of the rarer elements Phosphorus is low, the analysis 
sho^ving only about 0.1 per cent P2O5, while potassium is high, with 
K2O averaging over 4 per cent. 

Because of the loss of the first shipment of stocks, trees were not 
available for planting in the rims until the spring of 1922. In the 
meantime, crops were grown in the rims and worked mto the soil to 
improve its fertility* 

PLANTING AND EARLY CARE OF TREES 

The first plantmg was made in May, 1922. The four inner rows 
of seven rims each were filled with the older stocks which had been 
vrhip grafted the previous sprmg. On April 19, 1923, the two outer 
rows were planted with the stocks that had been budded Table 1 
shows the weights of these trees at planting and their location. 

Table 1. — Weights of trees at time of •planting 


Weight (grams) of trees in row indicated 



Fo 

E 

D 

C 

B 

A« 

No 1 

375 

130 

130 

120 

135 

385 

No 2 

370 

140 

116 

115 

135 

360 

No 3 

350 

160 

no 

no 

175 

345 

No. 4 i 

340 

180 

100 

100 

180 

335 

No 5 ; 

325 

180 

90 

M30 

195 

315 

No 6 

315 

210 

85 

86 

195 

310 

No 7 

290 

216 

75 

75 

220 i 

902 


* Bows A and F were planted in 1923, 1 year later than the other rows. The later-planted trees were 
larg^ at the time of plantmg. 

* Tte was afeo planted m 1923 It replaced the original tree which had been badly miured with a 

tota. 
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Nitrogen and phosphorus were employed as single element treat- 
ments but potassium was not The Hagerstowm soil used in this 
experiment is well supplied with potassium, and none of the orchard 
tests previously conducted m this State had shown any clear evidence 
of a potash response 

Numerous field experiments have indicated that the nature of the 
fertihzer response is very materially altered by the presence or absence 
of grass in the orchard Because of this fact, the south half of each 
row of rims (trees D, - 

E, and F) was seeded ^ ^ ^ ^ 

to bluegrass on Mav <^0/? 

27,1924 /O O O O O O 

The first fertilizer ^ ^ ^ ^ ^ 

treatment was not 

made until the spring /f/r£0(r£// 

of 1925; hence there O O O O O O 

was nearly a year dur- 
ing which half of the 

block was under an«/^ r\ r\ r\ 

unfertilized sod It w O w L/ O w 

was not expected that 

this new sod would WAA 

materially influence O O O O O 

the growth of the trees 
in such a relatively 

short time, hut Table ^ p^z^ss/j/at 

4 shows that it did O O O O O O 

to a significant ex- 
tent m the maioritv 

aT +} 1A rAWQ A/r£0<?AAAAA AOTIASS/AAf 

Thelowoddsinrow O O O O O 

5 were due to the fact 

that one of the culti- A/rwr^AA aaa aaosaaows 

vated trees had been z O O O O O O 

replanted. In row 7 ^ ^ ^ ^ ^ ^ 

one of the largest 

■<"r.aAo rvTr\TT-iT»n- l.—Diagram indicating rims, or cylinders, conta i n i ng the 

XiPees growuig m sou trees, which were located at the corners of 20-foot squares, the fer- 
had been killed back tilizer treatments used are also shown 



o 

o o 

o 

o 

o 

o 

AOAA 

o o 

o 

o 

«^o 

AAASAAAAAS AAA AAZASS/AAf 

o o o o 

o 


A/r£OAAA AAA AOTASS/AAf 

o o o o 


A/r£A(?£A AAA AA(?SAAO£AS 

o o o o 


to wuthin a few inches of the bud durmg the winter of 1923-24, and 
consequently made a heavy renewal growth in 1924. Table 4 shows 
that the trees growing in sod started the period of fertilization with a 
slight handicap. ^ 

The first application of fertilizer was only two-thirds of the amount 
intended to be used as an annual apphcation In spite of this reduc- 
tion, the concentration of these amounts m the small area of a single 
rim resulted in serious burning of the grass. For this reason the other 
third was not put on in 1925, and in later years the amounts used in a 
single application were further decreased Even then there was, 
at times, some burning of the grass. 

The injury to the grass from the fertilizer was usually greatest 
where nitrate of soda was used, but even in rims which received only 
phosphorus some injury was evident In nearly all cases the mjury 
was temporary, and the grass was quickly replaced by a new and 
vigorous growth. On any portions where the grass roots were killed 
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tioii for the trees in sod during 1924 was 17.5 zb 1 88, for those under 
cultivation, 27 1 ± 3 02 The coefficient of variability for trunk dia- 
meter of all the trees was 14 3 ± 1 07. 

From 1920 through 1923, two to three green-manure crops were 
grown annually m the rims Whenever possible, records of height 
or weight of these covers were taken. These records were reduced 
to percentages, the rim with the heaviest cover crop each time being 
rated at 100. Table 2 shows the average percentages of the five 
cover crops which were measured, each being recorded in percentage 
of the largest cover of the respective crop As judged by the growth 
of these cover crops, the soil m the nms showed a high degree of 
uniformity. 


Table 2 — Average of five cover crops before fertilization j expressed in percentage of 
the heaviest cover of each cover crop 


Bow 

Percentage crop co\ er m row indicated 

A\erage 

P 

E 1 

D 

C 

! B 

1 

A 

No 1 

73 

60 

60 

58 

52 

1 

74 

63 

>0 2 

81 

67 

71 

69 

58 

76 

70 

No 3 

66 

55 

62 

58 

67 

90 

66 

No 4 

77 

65 

70 

64 

58 

78 

69 

No 5 

81 

66 

72 

79 

61 

78 

71 

No 6 

79 

66 

68 

75 

70 

62 

70 

No 7 

66 

57 

61 

73 

63 

73 

66 

Average 

75 

62 

1 66 

68 

60 

76 








FERTILIZER TREATMENTS 

Figure 1 shows a diagram of this block with the fertihzer treat- 
ments indicated Table 3 gives the weights of the various salts 
used and the time of application All fertilizers were chemically 
pure materials It was originally intended to use amounts equivalent 
to 50 poimds of N, 100 pounds of P2O5, and 50 pounds of KjO per 
acre for trees standing 100 to the acre The reasons for changes 
from this plan will be mentioned later. 


Table 3. — Time of fertihzer apphcaiions and quantities used for each nm 


Treatment and date applied 


NaNOs 

Apr 18,1925-. 
May 3, 1926- 

June 7, 1926 

June, 1926 

Mays, 1927- 
May 18, 1927- 
June 10, 1927- . 
CaH4(P04)2H20 
Apr 18,1925- 
May 3, 1926— 

June 7, 1926 

Mays, 1927. _ 
May 18, 1927., 
moi 

Apr, 28, 1^-, 
May 3, 1926-, 
JttB«7,1926— 
Mays^m- 
May 18,1937- 


Weight (grams) and kind of fertilizer used in row indicated 


1 (P) i 2 (N) 3(N,P,K) 4 (cheek) 5 (P, K) 1 6 (N,E:) 7 (N,P) 


534 

267 

267 

534 


906 

45 

453 

408 

387 

388 
337 


906 

45 

453 

408 

337 

338 
337 

534 

267 

267 

534 

267 


147 

147 


147 


534 

267 

267 

534 

267 

293 

147 

147 

293 

147 


906 

45 

458 

408 

337 

338 
337 


293 

147 

147 

293 

147 


906 

45 

453 

408 

337 

338 
337 

534 

267 

267 

534 

267 
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The first application of fertilizers m the rims was made early in 1925. 
At that time there was a rye corer crop in the cultivated rims 
Partly because of the fertilization, and partly from unlmown causes, 
the growth of the rye cover crop m the different rims varied con- 
siderably when the crop was ready to be spaded under in late May. 
To meet this contingency, several beds had been built and filled 1 foot 
deep with soil similar to" the topsoil in the rims These were sown to 
rye when the rims were seeded The rye m each rim was cut and the 
tops weighed Enough rye in one of the beds was then cut to make 
the total weight of the tops m rim and bed 1 kg The roots of this 
area in the bed were then dug and all tops and roots spaded into the 
rmi. Thus each rim under cultivation received 1 kg of tops and 
the roots which went with those tops No attempt was made to 
balance the organic matter in the sod rims 

Because of the variations in growth of the cover crops no more were 
seeded in the rims receiving cultivation In the fall of 1925, rye was 
again sown in the beds On May 20, 1926, this rye was dug, the dirt 
shaken from the roots, and the tops and roots cfiiopped up together. 
Two kilograms of this chopped rye were added to each run and spaded 
into the soil The same method was used in 1927. In this way 
organic matter was kept from being a serious variable m the cultivated 
rims 

Early in the experiment it was evident that the normal moisture 
of the restricted soil of the rims would not be suflS^cient to maintain 
tree growth. Whenever the soil became too dry as indicated by 
soil-moisture determinations, from 1 to 2 mches of water were added 
to each rim All trees under cultivation received the same application, 
and all trees growing m sod were treated alike, but the latter received 
more frequent applications If there was excess water at any time, 
it would dram away freely through the crushed limestone under the 
rims into the well-drained soil below 

These applications of water did not maintain a sufficiently umform 
moisture supply to meet the needs of the trees at all times Durmg a 
very diy period m the middle of July, 1927, the soil moisture dropped 
close to the point of physiological wfiting The drought was followed 
by a period of wet weather Between 50 and 60 per cent of the apples 
on all trees cracked during the wet weather This cracking is char- 
acteristic of the Stayman apple under irregular moisture supply 
A few fruits cracked after a diy period in August of the same year. 
If this irregularity in moisture supply influenced the final results, 
it should have produced the greatest effect on the most vigorous trees. 
However, at no time was there any mdication of wilting of the leaves, 
nor was there any mdication that normal bianch elongation was 
checked. 

ESCAPE OF ROOTS FROM THE RIMS 

The inner four trees in each row were planted in 1922 and the end 
trees a year later. During 1926 the older trees, with three exceptions, 
did not make as much total branch elongation as the younger trees, 
either under sod or m tillage, regardless of fertihzer treatment It is 
probable that the restricted volume of soil was slowing up the growth 
of the older trees, but was still suflficient for the younger trees 

One of the older trees, D-S, growing in sod and receiving the full 
fertilizer treatment, was considerably more vigorous than any of the 
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the ground was sodded over vith grass grown in a bed which had been 
fflled with the same soil as the top layer in the nms 

Tole 4 — Compaiative branch elongation of trees in cultivated and in sodded 

nms, 1924 


Eow 

No 

Treatment 

i Odds® 

1 m favor 
of culti- 
vated 

1 trees 

Row 

No 

Treatment 

Odds " 
m favoi 
of culti- 
vated 
trees 

1 

p 

1 

i 11 to 1 

5 

P, K 

3tol 

2 

K 

|l0*2 to 1 

6 

N, K 

102 to 1 

3 ■ 

\’ P 1?" 

226 to 1 

7 i 

N, P— 1 

7tol 

4 

None,- - 

102 to 1 





a The significance of the difference between any two treatments has been estimated by the use of Stu- 
dent’s method for interpreting paired experiments (6) Where, as in this table, the comparison is between 
sod and tillage, the pairmg has been A-F, B-E, C-D (Fig 1) When contrasting feitilizer tieatments 
have been compared, the pairs have been those with similar letters 
Statisticians are a^eed that odds of 30 to 1 may be accepted as clear indication that the diflerenee is 
significant Significant odds simply mean that the contiasted data differ by an amount too large to be 
due to chance One is justified in placmg leliance on the interpretation of this significant difference only 
in proportion to the success in elimmitmg all other variables except the treatment under study — a con- 
dition very difficult to comply with m horticultural research 


Whenever the grass was high enough, it was cut with hand shears 
and the chppmgs weighed. Table 5 gives the weights of these 
cuttings. There were large differences in sod growth under the 
different treatments. 


Table 5 — Total weights per rim of grass clippings made during 1925, 1926 j and 1927 


Row 

Treatment 

Weight (grams) of grass 
clipped on lettered nm 
indicated 

Average 

P 

E 

n 

No 1 

P 

1,160 
2,860 
4,870 
670 
1,490 
1, 970 
4,260 

850 
2,240 
4,920 ! 
490 
750 
2,530 
5,600 

787 

3,963 

3,058 

445 

1,030 

1,733 

4,215 

932 

3,021 

4,283 

635 

1,090 

2,078 

4,692 

No 2 

N _ 

No 3 

w, p, Tsr 

No 4 

Nnofl ... ....... 

No a 

p, p- ! 

No fi . 

N, -R* . ..! 

No. 7 1 

N, P _. . . 




The burning of the grass through the use of mtrate of soda has 
already been described. The application of the same amount of 
fertilizer to the rims under cultivation modified the clay and affected 
the physical condition of the soil, makmg it less friable This change 
in condition was sufficiently pronounced to be noted by field men 
who hoed the rims The addition of the other fertilizer materials 
to the nitrogen fertilizer did not modify this effect. The rims under 
cultivation that did not receive nitrogen remained in excellent condi- 
tion throughout the test. The addition of the chopped rye described 
below probably helped to improve the sod structure. 

COVER CROPS AND WATERING 

The oldest field fertilizer experiments in the United States are 
located on the college farm on soil very similar to that used in the 
rims. At the end of 40 years Gardner et al. (5, p. [S]), stated: “Phos- 
phoric acid is the first limiting factor in this soil and until this element 
is supplied, nitrogen and potash give very little increase in yields.^' 
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All of the highest 12 trees with respect to leaf weight received 
nitrogen, either alone or in combination; half of these were in lims 
leceivmg cultivation Experiments m the college orchards since the 
planting of the trees, in 1908, which are similar in nature to these 
more carefully controlled tests, failed to show (1, 2) any clear response 
to nitrogen apphcations from trees under cultivation until the orchard 
was at least 15 years old. The very positive mtrogen return in leaf 
weight during the third season of the fertihzer applications in the 
case of the rim trees under cultivation shows how much the use of 
the confimng nm hastened root crowding and soil exhaustion These 
differences are shown clearly in Figures 2, 3, and 4 Among the trees 
receiving mtrogen, those under sod had practically as heavy a leaf 
crop in 1927 as did those under tillage 

Table 6 — Weights of green leaves picked from apple trees, September, 1027 


Row 

Treatment 

Weight (grams) of leaves from 1 
trees in sod | 

W^eight (grams) of leases from 
trees m tillage 

F 

E 

! D 

Average 

C 

B 

A 

Average 

No 1 

No 2 

No 3 

No 4 

No 6 

No 6 

No 7 

i 

P 

N : 

N, P, K 

None 

P, K 

N, K 

N, P 

1,830 
3,460 
2,620 
529 
1, 450 
3,240 
3,810 

998 
2,314 
3,791 
1, 192 
950 
2,397 
3,880 

1,295 
2,800 
4,975 
1,220 
1, 115 
3,370 
4,256 

1,374 
2,858 
3,795 
980 ; 
1,172 
3,002 
3,982 

2,169 
2, 113 
3,623 

1 1,882 
2,140 
2,796 
2,998 

3, 145 1 
4, 415 ! 
3,440 
1, 856 
1,493 
2,600 
4,260 

2,435 1 
! 4,060 

1 4, 690 
1,950 
2,600 
2,600 
3,630 

1 

2,583 

3,529 

3,918 

1,896 

2,078 

2,665 

3,629 


Trees receiving phosphorus showed a definite increase in leaf weights 
m 1927 over trees similarly treated but not receiving that element. 
(Fig 2 compared to fig 3 ) There were three treatments of three trees 
each, both under sod and under tillage, in which pho^horus was 
checked against no phosphorus (N, P, K, agamst N, K; IM, P, against 
N, and P against nothing) In the comparison of these treatments 
by Student^s method, the odds that the trees receiving phosphorus 
had significantly greater leaf weights than those not receiving phos- 
phorus, imder sod and imder tillage separately, were both about 
68 to 1 

Not one of the 12 trees highest m leaf weight m 1927 stood in the 
rowr receiving nitrogen and potassium, m fact, the highest ranking 
tree in this treatment was fourteenth The odds by Student's method 
that the trees receivmg the N, K treatment had significantly less 
leaf weight than those in the adjoinmg N, P treatment are 276 to 1, 
(fig 3, C6 and D6, compared to fig 4) while the odds that the addition 
of K to N alone increased the leaf weights are only 3 5 to 1 


Table 7 — Total branch elongation of apple trees during 1925, 1926, and 1927 


Row 1 Treatment 

Length of branches (centimeters) 
m sod rims mdicated 

Length of branches (centimeters) 
m tillage rims mdicated 



F 

E 

D 

Average 

c 

B 

A 

Average 

No 1 

No 2 

No 3 

No 4 

No 5 

No 6 i 

No 7 -.-1 

P 

N 

N, P, K 

None 

P, K 

N, K 

N, P 

6,249 
10,764 
8,132 
2,203 
4,518 
8,386 
15, 075 

2,022 
5,070 
12, lib 
1,780 
1,786 
5,660 
13,995 

2,429 

8,321 

18,883 

1,740 

2,369 

9,212 

13,162 

3,567 

8,052 

13,044 

1,908 

2,891 

7,753 

14,077 

6,142 

4,679 

11,363 

4,080 

7,201 

6,738 

8,568 

9,762 
12,003 
11,822 
4,207 
3, 192 
7,411 
9,609 

6, 677 
11,759 
17,503 
6, 166 
10, 012 
7,900 
11,600 

7,527 

9,480 

13,563 

4,818 

6,802 

7,350 

9,892 
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other trees receiving either this combination or mtiogen and phos- 
phorus, the combinations that gave greatest growth During the 
summer of 1927 this tree was again abnormally vigorous, and the 
growth of two 01 three others also seemed longer and the leaves 
b'eener than on other trees imder similar treatments Because of 
these variations, it was decided to explore outside the rims to find 
whether any roots had penetrated the crushed stone m the bottom of 
the rims and reached the outer soil Pits were dug m the late sum- 
mer of 1927, and about half of the bottom edge of rim D-3 was ex- 
posed One root over 2 feet long, probably m its second season of 
growth, was found, another about 18 inches long, and several small 
ones From about one-third of the circumference of nm A-S, in 
which the tree was a year younger, 25 g of roots were secured 
The longest was not more than a foot and a half, and evidently all 
were of that season^s growth. Other rims in each treatment were 
partly uncovered, m each case some roots, ranging from small fibers 
to roots several inches long, were found extending into the surround- 
ing soil This discovery led to the decision to dig out all the trees in 
the fall of 1927 and to terimnate this phase of the experiment 

Did the escape of roots influence the results enough to destroy their 
value‘s When all the trees were taken out of the rims in the fall of 
1927, studies were made of root distribution, and any roots penetrat- 
ing beyond the bottom of the rims were noted Roots, other than a 
few srnall fibers, were foimd outside of only 17 of the rims In 4 of 
these rims (B-l, B-2, D~3, F-1) the roots appeared to be m their 
second season of growth If the performance of these four trees is 
judged by their total branch growth during 1927, all seem to show 
somewhat greater growth than the performance of similar trees would 
lead one to expect While the presence of the younger roots outside 
the rims probably influenced the trees which produced them, there is 
no consistent evidence that this influence was great enough materially 
to change the nature of the results 

Two of the four trees \vith older roots outside the rims (B~2, D~3) 
received nitrogen Any added vigor due to the escape of these roots 
would serve to accentuate the value of nitrogen in the 1927 records. 
The importance of this element m the experiment had been estab- 
hshed with considerable certainty before this time, consequently, 
while the extent of some of the differences may have been influenced 
by the escape of the roots, the relative nature of the records would 
not be materially affected 

LEAF WEIGHT AND BRANCH ELONGATION 

When the trees were dug out in the fall of 1927, the following 
records were taken: Weight of fruit, weight of leaves, 1927 branch 
growth, total weight of tops, diameter of trunks, and total weight of 
roots. The weights were all of fresh materials Some samples were 
preserved for chemical analysis, and dry weights of these were deter- 
mined. Smee two papers (1^, 11) have been pubhshed in which 
certain of the chemical analyses made durmg the progress of this 
experiment have been reported, this phase of the work is omitted 
from the present paper 

From ^ptember 21 to 30, 1927, all the leaves were picked from 
the tre^ and weighed. Table 6 gives the fresh weights. 




Figure 3 Trees receiving no fertilizer under cultivation, C4, and under sod, also trees 

rSvmg mtrogeHnd pot^siuin only under cultivation, C6, and under sod, D6 Photo- 
graphed September, 1927 


1092S5-32 5 



2— Trees reqemng phosphorus fertilizer OQly under cultivation, Cl, and under sod, J>h 
a^ trees reiving a complete fertibzer under cultivation, C3, and under sod , D3 The roots of 
B3 escaped from the nm in 19^ Photographed September, 1927 
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There is some evidence (Table 8) that the application of phos- 
phorus stimulated tree growth While the odds are not sufficiently 
large in all cases, the mcrease from 1925 to 1927 lends weight to this 
assimiption. There is also some evidence that phosphoius gave a 
greater response under sod than under tillage. 

Table 9 presents the results of tieatments that differed only m the 
addition of potassium There is no indication that this addition 
increased branch growth 

Table 8 — Influence of phosphorus and potassium on tree grouth expressed as odds 
that gam over coniiasted treatment is significant 

PHOSPHOBUS 


* Relative order of contrasted treatments 

Odds for sod 
and tillage nms , 

Odds for total 
growth 1925-27 


1 1925 1927 1 

i 

Sod 

Tillage 

Ro\\ 1 ( P) greater than row 4 (none) 

Row 3 (X, P, X) greater than row 6 (X, 

Row 5 (P, K) greater than row 4 (none) 

Row 7 rx, P) greater than row 2 fX) 

i r 

«4-l , 47-1 ' 

14-1 340-1 ; 

1-1 36-1 ' 

3-1 31-1 , 

12-1 

22-1 

41-1 

129-1 

12-1 

35-1 

19-1 

2-1 


POTASSIUM 


Bo\v 3 (N, P, K) greater than row 7 (N, P' 

Bow 5 (P, K) greater than row 1 f Pj 

Row 6 (X, K) greater than row 2 (Xj_ 


« Difference reversed 


2-1 1 

3-1 

o 2-1 

3S-1 

2-1 j 

°5-l 

“4-1 1 

a 2-1 

1-1 * 

“ 16-1 1 

I 

<t 2-1 i 

1 

«6-l 


TRUNK-DIAMETER INCREASE 


The extent to which trunk-diameter measurements are used in 
interpreting orchard experiments makes it desirable to present these 
measurements for the rim trees. The coefficient of correlation be- 
tween trunk-diameter mcrease durmg the period of fertilization and 
total branch elongation during the same period is 0 87 ± 0 026 The 
correlation between trunk diameter and weight of top is 0 88 ± 0 023 
A statistical study of percentage mcrease in trunk diameter from 
1924 through 1927, the period of differential treatment, shows that 
tliis method of measuring trunk increase is not as satisfactory as the 
use of the actual gain or the final diameter Some of the trees that 
were largest at planting and also at digging showed a smaller per- 
centage mcrease with the same treatment than some that were much 
smaller both at plantmg and digging 

The use of Student's method, to group trees of similar age or of the 
same imtial vigor for comparison removes some of the difSculties 
caused by such variables as those encountered m the study of per- 
centage trunk mcrease. The method of pairing adopted here grouped 
trees by age, and to a considerable extent by initial vigor, because of 
the method of planting (Table 1); but even this has not decreased 
the degree of variation sufiiciently to make it desirable to use per- 
centage increase. 

Table 9 gives the trunk-diameter measurements taken when the 
trees were dug in 1927 ; Table 10 gives the actual diameter increase 
from July, 1924, to September, 1927 The very high correlation 
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As soon as the leaves were harvest ed, the trees were cut off at a 
uniform height above the edge of the rims The 1927 branch growth 
was measured and the total weight of each top seemed As the branch 
growth had been measured each year, it was possible to study total 
branch elongation for the years 1925, 1926, and 1927, during which 
the fertilizers could have influenced tree vigor Table 7 gives this 
record 

Comparing sod and tillage, this table of branch elongation presents 
practicalh’ the same picture as table 6 in which leaf weights are shown, 
m sod without nitrogen growth decreased to a very pronounced degree. 



Figure 4 —Trees receiving nitrogen and phosphorus only under cultivation, C7, and under * 
sod, D7. Photographed September, 1927 


while the addition of nitrogen gave nearly equal growth under both 
sod and tillage The one case among the trees receivmg nitrogen 
that approached nearest to a significant -difference between sod and 
tillage was in the nitrogen and phosphorus treatment, where the 
odds that sod was better than tillage were 20 to 1. 

In order to make a statistical study of the effect of the fertilizers 
on total branch elongation, the records for each tree for each of the 
three years were used, thus giving nine measurements when either 
the tlnee sod or the three tillage trees under one treatment were 
compared to those under a contrasted treatment The presence or 
absence of mtrogen (N p, none; N, P, K v. P, K) results in such large 
differences, even with trees under cultivation, that statistical analysis 
is not necessary. 
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rootfe than those not receiving it, among the latter the tilled trees 
had a larger quantity of roots than the un tilled 

The roots from 21 inches doMui to vuthin 2 or 3 mches of the 
bottom were mamly of finger size !Many of these were against the 
nm Near the cmshed limestone the fine feeding roots again became 
prominent 

Table 12 gives the total weight of the roots for each tree When 
the tops of the trees were cut off, each mam branch was removed 
separately and its diameter and weight recorded Table 13 gives 
the total" of these weights for each tree Comparing these for root 
weight and top weight, we find a rather close agreement All but 2 
of the 12 trees highest in root weight are also among the 12 highest 
m top weight, and all but 2 of the 12 lowest in root weight are among 
the 12 lowest m top weight Two trees not receiving nitrogen are 
among the highest 12 in root weight, and 1 receiving nitiogen is 
among the lowest 12 One tree of the highest 12 in top weight 
received no nitrogen; none of the lowest 12 received any nitrogen. 

Table 11 — Disinbuhon of apple-tree loots as measured by average weight per tree 

at diffeient ground levels 

' V eight (grams) of roots from trees 
; that leter^od— 

Depth from surface (inches) 1 xo nitrogen Xitrogen 

; Sod ’ Tillage Sod Tillage 


Cro'Ml 1 57b 2,559 , 2 741 i 3, OOU 

0t0 7 ' 1 S2!i ' 2,161 1,007 1 018 

7 to 21 1 1,723 4,05«:t 5,300' 5,531 

Below 21 1,569 1,819' 2,295 j 2,072 


Table 12 — Total weight of apple-tree roots at digging time 

\ Weight (grams) of roots of trees i Weight (grams! of roots of trees 
; in sod nm indicated in tillage nm irdicated 




i reaiment 

1 

, ^ : 

E 1 

D 

Average 

r 

i B ' 

1 

1 A 

\.verage 

Xo 

1 

P 

1 6,725 

7,895 ' 

7 450 

i 7 357 , 

12 275 

13,175 : 

11 135 

12, 195 

>ro 

:> 


' 11,845 ' 

10 366 i 

10, 110 

10,774 

10,300 

1 14 805 1 

13,012 ' 

12, 716 

Xo 

3 

. X, P, K 

. 9,420 

13,040 1 

16,935 

i 13. 125 

12 395 

, 13 675 ' 

13, 315 

13, 128 

X'o 

4 

. Check 

1 5, 215 

9 950 1 

7,350 

7 505 , 

10, 870 

1 11,790 

9,140 ' 

10, 600 

Xo 

5 

P. K 

8, 195 , 

S 325 , 

6, 815 

7,778 ' 

10 695 

7,930 

8,615 1 

9,080 

Xo 

6 

X, K 

I 9 935 

11,090 

10, 610 

10 545 

11 700 

' 10,705 

10, 110 ' 

10, 838 

Xo 



X, P 

, 9,905 

11 950 1 

12, 730 

1 11 52S 

13,075 

, 12,260 

11, 275 

12, 203 


Table 13 — Weight of apple-tree tops at digging time 



Row 

1 

I 

' Treatment 

V eight (grams; of tops of trees 
m sod nm indicated 

V eight (grams) of tops of trees 
from tillage nm indicated 




F 

E 

D 

A\ erage 

C 

B 

A 

Average 


1 

I P 

7, 745 

6 710 

9,495 

7,983 

10,270 

16,300 

10, 410 

12, 327 

Xo 

o 


12,960 

9,685 

12, 410 

11, 686 

10,490 

21,205 

16, 875 

16, 190 

Xo 

3 

II'I" X,' P'K'AIIIj 

9,710 

13,960 

26,910 

16,860 

13,820 

17,215 

1 i , 6oo 

16, 230 

Xo 

4 

I Check 

4,195 

7,510 

7,625 

6,443 

9,745 

9,660 

9,210 

9,538 

Xo 

5 

, P, K 

6,785 

7 550 

6,790 

7.042 

10,950 

7,230 

10, 960 

9,713 

Xo 

6 

X, K 

11, 330 

11,670 

14,410 

12,470 i 

11,765 1 

11 680 

10, 570 

11 338 

Xo 

" 

— -i 

13, 685 

13,980 

17, 265 

1 14, 977 1 

13 455 

26,550 

13, 360 

14, 455 


The significance of gains or losses is more apparent from an inspec- 
tion of Table 14, which gives the combined top and root weight for 
each tree A study of the distribution of the heaviest trees shows that 
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fo 87 ±0 026) between trunk measurements and branch elongation 
would lead one to expect the same conclusions from Tables 9 and 10 
as from the tables showmg bianch growth, and such is the case The 
results from the use of nitrogen are nearly the same with sod as with 
tillage, with the possible exception of the N, P treatment, where the 
trees gro\raig in sod have the larger diameter The odds for the 
significance of this difference m Table 9 are less than 4 to 1 ; and in 
Table 10, about 17 to 1; both too small to have much significance 
Only one of the first 12 trees m Table 10 did not receive nitrogen, 
only one of the lowest 12 did receive nitrogen 

Table 9 — TiunL diameter of apple trees, September, 1927 


Trunk diameter (millimeters) of Trunk diameter (millimeterb) of 
trees in sod rim indicated tree in tillage rim indicated 


Ron 

Treatment 

1 

1 ' 

I F 1 

1 1 

E 

D 

Aver- 

age 

C 

B 

A 

Aver- 

age 

No 1 . ... 

p 

57 

58 ' nS 

57 7 

69 

71 

66 

68 7 

No 2 

N - 

bb ! 

65 

71 

68 0 

66 

8S 

75 

76 3 

No 3 1 

N, P, K 

I 6b 

71 

90 

77 3 

1 SI 

77 

75 

77 7 

No 4 ' 

None 

41 1 

61 

61 

54 3 

' 65 

6S 


65 3 

No 5 1 

P, K 

52 j 

59 

60 

57 0 

, 65 

60 

68 

64 3 

No b 

N, K 

1 ' 

69 

73 

71 0 

1 74 

73 

70 

72 3 

No 7 

' N. P 

1 

! 6S 1 

, i 

79 

84 

77 0 

1 66 

1 

77 

70 

71 0 


T^ble 10 — Tnirik’-diameiei inoease of apple tiees between July, 1924, and 

September, 1927 


Row 

! 

1 

i 

I Treatment 

1 

1 

Increase of diameter (millimeters) 

1 of trees m sod rim indicated 

Increase m diameter (milhmeters) 
of trees in tillage urn indicated 

1 

F 

E ‘ 

1 

T) 

A\er- 

dge 

C 

B 

A 

Aver- 

age 

No 1- 

1 

1 

... P 

« 28 

20 ! 

20 

23 

3’ 

a 28 5 

3t) 

32 

No 2 

— 1 N. — 

3S 

29 

37 

35 

25 

«50 

44 5 

40 

No 3 

— N, P, K 

3b 

36 

« 50 

41 

44 

39 

46 

43 

No 4 

None 


21 1 

20 

18 

27 

28 

32 5 

29 

No 5 

— 1 P, K 

J 23 ! 

20 5 ' 

20 

21 

32 

20 

42 

31 

No 6 

N, K 

41 

30 1 

33 

35 

35 

31 

40 

35 

No 7 

... N P 

42 

! 

45 

44 

29 

30 

40 5 

j 33 


« Roots escaped from rims 2 vears before digging 


TOTAL WEIGHT OF TOPS AND ROOTS AT DIGGING 

When the trees v ere dug, the trunk of each was cut off as close as 
possible to the place where the top had been giafted on the root 
The soil was dug in three layers — 0 to 7 inches, 7 to 21 inches, and 
21 inches to the bottom Each layer was spread on canvas and the 
roots separated from the soil and from the crown (Table 11 ) The 
trees that received no nitrogen had more roots by weight in the 
upper 7“mch lairer This layer was filled with very fine roots quite 
unHormly distributed. In rims receiving smiilar treatments the 
weight of the roots in the top layer was approximately the same 
under sod and under tillage. In the second layer (7 to 21 inches) 
there^ were more^ of the larger roots, and a larger proportion nearer 
the rims. In this layer the trees receivmg nitrogen had many more 
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By including the six trees receiving common treatment under both 
sod and tillage in a single plot, as shown m the last column of Table 
15, all plots receivmg nitrogen alone or in combination made signifi- 
cant gains m total weight of tops and roots over the untreated plot; 
while phosphorus alone or m combmation with potassium failed to 
give significant increases over the untreated plot 

EELATIYE VALUE OF PLANT FOODS 

There are six cases m Table 16 in which nitrogen, either alone or 
in combmation with other elements, may be compared vuth non- 
nitrogenous fertilizers (N f P, N r P, K, X, P r P; X, K r P, K, 
X, P, K r P, K, X, P P, K) In every case the gain from the use 
of mtiogen is sigmi&cant when the results with sod and tillage are 
combmed 

In the three comparisons which differed only by the presence or 
absence of potassium (P r P, K, N X, K, X, P v X, P, K), the use 
of potassium resulted m no significant increase in total weight 
TVlien these three treatments were combined, making IS pairs that 
differ only m the presence or absence of potash, there was still no 
significant difference in weight 

In the three comparisons^ m which phosphoius was the variable 
(check V P, X r X, P, X, K r X, P, Kj it was only when the phos- 
phorus was added to the other two elements that a significant gam 
was secured. When nitrogen alone was added to each element 
phosphorus caused a much greater gam than the potassimn (X, P v 
X, K) Wlien the three phosphorous treatments were combined in a 
single comparison, the IS pans in sod and tillage together gave odds 
of 81 to 1 that there was a sigmficant mcrease m the case of the trees 
receiving phosphorus 

Past experience has emphasized the miportance of studj'mg any 
fertilizer combmation under both sod and tillage separately. When 
this comparison was made vith the trees in the rims, the number of 
pairs available was reduced from six to three In general, the use of 
smaller numbers makes it necessary to obtain larger differences m 
order to secure the same significance for gains or losses 

When only the three trees were compared, the X, K treatment 
showed practically significant gams as contrasted vith the untreated 
trees under both sod and tillage: the X, P treatment gave a signifi- 
cant gain over the untreated trees under sod only, and the X, P, K 
treatment compared to no treatment was significantly different only 
under tillage The use of nitrogen alone failed to produce significant 
increases in either sod or tillage. The high degree of variabdity and 
the small number of pairs available caused these decreased odds. 
This was particularly true in comparisons involving tree D-3, the 
large weight of which led to such a high standard deviation in this 
block that the odds were seriously decreased On the other hand, 
the trees m the row receiving the X, K treatments were very umforni, 
and comparisons vuth this row often gave high oddU. 

The six cases in which niti’Ogen was compared to nonmtrogenous 
fertilizers gave significant increases when the results from sod and 
tillage were combmed; but when these were separated, the only 
significant increases obseived were where mtrogen was used in sod 
Even here the use of a complete fertihzer failed to show a significant 
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all but 1 of the first 12 receired nitrogen The I’oots of this tree, B-1, 
probably escaped from the rim m 1926, which may account for the 
greater growth of this tree Eight of the highest were m the cultivated 
half of the area The twelfth lowest tree received a complete fertili- 
zer; the other 11 lowest trees received no mtrogen Ten of the lowest 
12 were in sod 

The criticism may be made, with justice, that m combining tiees 
of two ages in the same ranldng the younger trees may be handicapped 
The younger trees planted in 1923 were nearly twice as heavy at 
planting as those planted m 1922 Their growth was very satisfac- 
tory during the preliminary peiiod There are some indications that 
the rims checked the growth of the older trees during 1927 to an extent 
sufiScient to permit the younger trees to gain on the older ones, but 
not to catch up vith them, especially in the sod block None of the 
sod trees ranldng highest m Tables 12 and 13 was in the younger 
group 

The fact that there are trees of two ages m each treatment does not 
affect the results when Student’s method is used in determining the 
significance of gams or losses, by this method, trees of the same age 
standing side by side are compared Table 15 shows the odds of the 
sigmficance of the gain of one treatment over another both for the 
whole row and for those parts m sod and in tillage, based on the total 
weight of tops and roots 


Table 14 — Total weights of apple-tree tops and roots at digging time 


Rovs 

1 Tieatment 

Weight (grams) of tiee tops and 
roots in sod rims as indicated 

Weight (grams) of tree tops and 
loots in tillage nms as indicated 


1 

F E 

D 

Average 

c 

B 

A 

Average 

1 

2 

3 

4 1 

5 

6 

1 P 

X 

K, P, K 1 

None ' 

P, X ! 

N, K 

; N, p _...i 

14,470 14,605 
! 24,805 , 20,051 
19,130 27,000 

9,410 , 17,460 
14,980 i 15,875 
21,265 , 22,760 
23,590 25,930 

16,945 

22,620 

1 43, 825 
i 14,976 
13,605 
25, 020 

1 29, 996 

15,340 
22,459 1 
29,985 
13,948 
14,820 

1 23,015 
26,505 

I 22,545 
20, 790 
26,215 

1 20,615 
21,646 
23,465 
; 26,630 

29, 476 
36,010 
30,890 
21,450 
15, 160 
22,385 
28,810 

21, 545 
29, 917 
30, 970 
18, 350 

19, 575 

20, 680 
24, 635 

24, 622 
i 28,906 
29, 358 
20, 138 
18, 793 
! 22, 177 

26,658 


Table 15 — Influence of treatment on total weight of apple trees expressed as odds 
that one treatment is better than another 


Odds for— 


Relative oidei of contrasted treatments 


Row 1 (P) better than low 4 (none) 

Row 2 (N) better than row 4 (none) 

Row 3 (N, P, S) better than row 4 (none) > 

Row 4 (None) better than row 5 (P, K) 

Row 6 (N, K) better than row 4 (none) 

Row 7 (N, P) better than row 4 (none) 

Row 1 (P) better than row 6 (P, K) 

Row 2 dST) better than row 6 (X, K) 

Row 3 (N, P, K) better than row 7 (N, P). 

Row 7 (N, P) better than row 2 (N) 

Row 3 (N, P, K) better than row 6 (N, X). 

Row 7 (N, P) better than row d (N, K) 

Row 3 (N, P, K) better than row 3 (N) 

Row 2 (N) better than row 1 (P) 

Row 2 (N) better than row 5 (P, X) 

Row 7 (N, P) better than row 1 (P) 

Row 6 (N, X) better than row 5 (P, X) 

Row 3 (N, F. X) better than row 5 (P, X).. 
Row 7 p) better than row 5 (P, X) 

* Chmymrison is reversed. 


Tillage 

nms 

Sod nms 

Both 

combined 

13-1 

2-1 

8-1 

10-1 

12-1 

98-1 

43-1 

14-1 

1 150-1 

2-1 

« 1 6-1 

1 2-1 

28-1 

4&-1 ! 

69-1 

11-1 

77-1 

893-1 

5-1 

1 6-1 1 

7-1 

6-1 

“15-1, 

5-1 

6-1 

2-1 ! 

6-1 

a 4^1 

6-1 

1 7-1 

22-1 

4-1 

31-1 

42-1 

42-1 

1, 428-1 

1 2-1 

3-1 

4-1 

4-1 

41-1 

105-1 

7-1 

40-1 

74-1 

6-1 

168-1 

199-1 

8-1 

52-1 

142-1 

23-1 

9-1 

90-1 

16-1 

50-1 i 

555-1 
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Table 16 shows that trees under tillage blossomed somewhat 
earlier and considerably more heavily than trees in sod recemng the 
same fertilizer treatment. The growth records also show how closely 
m this instance blossoming was related to tree vigor It is probable 
that this growth relation is the cause of the decreased blooming of 
trees in the sod, and also of the greater bloom on trees receivmg 
nitrogen and phosphorus 

Table 17 gives the total weight of fiuit on the trees in 1927 Because 
of the irregular water supply, most of the fruit dropped to the ground 
just as it was maturing The weights given include the drops. The 
rank in fruit yield is not quite the same as in the number of clusters 
removed in the spring Part of the irregularity is due to some rather 
severe spray burning that injured the clusters which were left For 
this reason, and because the record is for a single year only, not much 
importance should be attached to yields in interpreting the results of 
this expel iment In general, it may be said that the trees receiving 
nitrogen and phosphorus and those receiving nitiogen, phosphorus, 
and potassium bloomed most heavily, but that the trees receivmg only 
nitrogen or nitrogen with potassium made a relatively hea\ner set 
of fruit, 

T.\ble 17 — Total ueight of apples piched and dropped pom 1027 


' Weight of frrnt (gram'?) from trees in j Weight of fruit (grams) from trees in 
I sod nms mdicated tillage nms indicated 


Xo 1 

! ! 

F ' 

E ! 

D j 

A\ erage I 

C 

B 

i A 

j Average 

1 

P 


1 230 

0 1 

0 

1 

77± 42 t 

590 , 

SOO 

7,240 i 

2 877^=1, 203 

- 

X 


! I,2fi0 ' 

o90 j 

5,305 

4,052d= 771 

1,880 

9 C60 

4,865 

5, 268d=l, 148 

3 

N, P, K.- 


j 1, 230 

2,2S0 

i 7, 415 

3,b42d:l,053 

910 1 

6 375 

5,750 

4,345=h 952 

4 ' 

None 


! 0 1 

0 

0 

0 1 

0 1 

180 

320 

]67d= 12 

5 

P, K 


0 ' 

0 

! 0 ’ 

0 , 

3 S80 1 

1,710 

1, 530 

2,373± 416 

fi 

N, K 


440 

9,930 

0,650 

1 6 673±1, 661 i 

5,220 1 

5,185 

2 660 

4,355d= 467 


N, P 



980 ; 

225 

4,730 

l,97Sd= 76S j 

7, 130 , 

2,230 

7,S83 

5,74S=fc 977 




' 



1 2, 346=fc 605 ! 

' 1 

1 



3,590± 455 


CORRELATIONS AMONG GROWTH AND YIELD RECORDS 

There are close correlations among the growth measui'ements The 
treatments which gave the most branch growth also gave the largest 
trunk diameters and the greatest weights of the trees Lil^ewise, the 
mdividual trees showing the most branch growth also showed the 
largest trunk diameters and total -weights 

Table IS gives the correlations among the growth measiu’ements 
studied In each case the correlation is very high, over 0 8 The 
h^h correlation of the various growth measurements with trunk- 
diameter measurement is especially important because of the fre- 
quency with which this measurement is used as an index of growth in 
orchard experiments. Furthermore, the increase in triinl^: diameter 
during the period of fertilization is closely correlated with branch 
elongation during the same period A study of the correlations with 
weight, which must be taken as the absolute measurement of growTh, 
shows that both top weight and total weight are closely correlated 
with trunk diameter, and top we^ht is just as closely correlated with 
branch elongation. 
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increase over the combination of phosphorus and potassium. This 
failure, again, was probably due to the abnormal performance of 
tree D-3 

These results are very similar to those secured under field conditions 
with this same soil {1, 2) In a study of contrasting fertilizer treat- 
ments earned on for 21 years in a cultivated orchard it was found that 
the lesults from plots treated wuth phosphorus and potassium were no 
better than those from untreated plots, but when mtrogen was added 
to phosphorus alone or to both phosphorus and potassium there was 
an increase in cover-crop growth, tree growth, and yield It is 
probable that the better returns from phosphorus alone in the runs as 
compared to the P, K treatment in the field are due to the higher 
organic content in the rim soil where either a sod was grown or a 
considerable quantity of chopped lye added 

WEIGHT OP FRUIT 

As soon as the buds began to unfold in 1926, it was apparent that 
some of the older trees were carrymg a considerable number of blossom 
clusters These "were more numerous on the most vigorous trees 
Since permitting trees of this age to mature a crop might check their 
growth to such an extent as to influence the final results, all blossom 
clusters w'ere removed in the early pink stage Table 16 show’s the 
number removed from each tree 

When the buds began to open in 1927, many of the trees were over- 
loaded wuth bloom, and the blossom clusters w’ere accordingly thinned 
to a stand approximately 6 inches apart, by pinching out the excess 
blossom clusters as soon as they were sufficiently expanded to be 
reached easily Table 16 shoivs the number of clusters removed 
It should be remembered that the outer rows of trees were a year 
younger than the inner four 


Table 16. — Blossom clusters removed from a'pple iiees %n 1926 and 1927 
BLOSSOM CLUSTERS REMOVED, 1926 


Rovr 

i 

Treatment 

1 Number of blossoms 

1 removed per tree in 
sod iims indicated 

Number of blossoms 
removed per tree m 
tillage rims indicated 


1 

1 

F 

E 

D 

C 1 B 

A 

No 1 

' P 

0 

0 

0 

2 0 

11 

No 2 

1 N 

0 

0 

21 

17 50 

4 

No 3 

N, P, K 

3 

227 

98 

114 175 

45 

No 4 

, None - — 

0 i 

0 

0 

0 ' 5 1 

1 

No 5 

P, K - 

0 

0 

0 

10 i 9 

9 

No 6 

i N, K 

0 

70 

32 

7 1 9 

1 

No 7 

j N, P - 

1 ^ 

42 

99 

87 1 264 

2 


BLOSSOM CLUSTERS REMOVED TO THIN TO 6 INCHES, 1927 


No 1 

P - 

0 

0 

0 

US 

SO 

132 

No 2 

N 

0 

123 

340 

113 

242 

118 

No 3 

N, P, K 

165 

500 

577 

500 

542 

395 

No 4 

None - 

0 

0 1 

0 

0 

0 ; 

32 

No 5 

P, K 

0 

0 

0 

200 

75 

84 

No 6 

N, K 

0 

309 

270 

336 

276 i 

0 

No 7 

N, P 

173 

352 i 

600 

722 

830 

237 
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Thus it seems that the amount of bearing surface, as indicated by 
total branch growth, is an important factor in blossom production. 

SUMMARY AND CONCLUSIONS 

The use of metal cjdinders or rims as a means of studying the effect 
of dijBferent fertihzer treatments on apple trees proved valuable in 
hastening the fertilizer responses 

The escape of roots from certain runs mcreased the variability^ in 
the growth of the trees, and consequently decreased the accuracy 
with which the results could be interpreted However, this decreased 
accuracy did not destroy the value of the results 

There is a very higli correlation — over 0 8 — among the growth 
factors studied, namely, tveight of tops, weight of roots, trunk diameter, 
and branch elongation The studies of blossom production, yield, and 
tree growth mdicate that blossom production is most highly correlated 
with total branch elongation and bearing surface, but that, m these 
trees, yield has a some^vhat lower correlation with tree growTh The 
quantity of fruit produced is only partly dependent on the number 
of blossoms 

In general, the results from the use of fertihzers confirm the results 
of previous research m the orchard Sod, vuthout the addition of 
nitrogen, checked the growth of the trees very seriously, even when 
potassium and phosphorus w'ere applied However, when mtrogen 
(expecially nitrogen m combination with phosphorus) was applied to 
trees growing in sod, the growth w*as nearly as good as that of cul- 
tivated trees receiving the same fertilizer 

Trees that were cultivated but received no nitrogenous fertilizer 
were not as vigorous as those that were cultivated and also received 
nitrogen 

When phosphoms alone was applied to trees growmg in sod, the 
growth was noticeably greater than that of the untreated check The 
addition of phosphorus to nitrogen did not produce a definitely better 
growth than nitrogen alone, but when phosphorus was added to 
nitrogen and potash, in sod, growTh mcreased. 

The addition of potassium to nitrogen or phosphorus or to both did 
not modifv the growth of the trees but may have mcreased the setting 
of the fruit 
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Table IS — Coi i elatiotis oj apple-tree growth lecordb 


Aleasuremeuts, con elate 1 

Correlation® 

Trunk diameter with total weight - 

0 87±0 025 

Trunk diameter with weight of tops 

88db 023 

Trunk diRmpt.pr with total hranch ftlongntion ^ 

83± 032 

Trunk diameter increase 1924 to 1927 with branch elongation, 1925 to 1927 

S7± 026 

Branrh elongation with weight of tops 

88± 023 



“ In biometrical studies a correlation factor of oi er 0 5 is considered certam correlation, pro\ ided that 
the correlation factor is over sis times the probable error If the correlation factor is less than 0 3 or is 
less than sis times the probable error, there is no evident correlation 


Table 19 gives the correlations of yield and blossom records with 
the growth measurements taken It is not safe to generalize on the 
basis of the yields of one year As the records stand, the correlations 
of yield with growth measurements are not nearly so high as those of 
the growth measurements among themselves. Yield is most closely 
correlated vuth total weight, even here the correlation is only 0 55, 
which figure compares unfavorably with correlations of more than 
0 8 among the growth records 


Table 19 — Correlations of apple-tree yield and blossom records with growth records 


Items coirelated 


Correlation 


"i leld with trunk diameter 

Yield with total weight 

Yield with weight of tops 

Yield with total branch elongation 

Yield with branch elongation, 1925 to 1927 

Yield with branch elongation of 1926 

Yield of nitrated trees with 1926 branch elongation of nitrated trees.. 

Yield with 1927 branch elongation 

\ leld of nitrated trees with 1927 branch elongation of nitrated trees.. 

Yield with blossom clusters removed, 1927 

Blossom clusters removed, 1927, with total weight... 

Blossom clusters removed, 1927, with weight of tops 

Blossom clusters removed, 1927, with trunk diameter 

Blossom clusters removed, 1927, with total branch elongation 

Blossom clusters removed, 1927, with branch elongation, 1925 to 1927. 


0 48 d=0 080 

55 ± 072 
53 db 075 
45 =1= 083 
38 =h 089 
28 dz 096 
16 ± 130 
24 ± 098 

- 047± 137 
42 ± 086 

57 =h 070 

56 d= 071 

58 =h 069 
62 d= 064 
30 ± 091 


There is little or no evidence of correlation between yield and bianch 
growth of the previous year or of the same year Since the 1927 yield 
shows a fair correlation with total branch growth, but not witt the 
growth of 1926 and 1927, the correlation must be with the earlier 
growth The roots of those trees that made a good growth during 
the early years probably had so completelv occupied the soil of the 
rims that by 1926 root crowding had begun to check their growth 
The checkmg of growth of these vigorous trees created the right con- 
ditions for fruit production 

Thei'e is a rather low correlation between the yield of 1927 and the 
number of blossom clusters removed in order to thin them to 6 inches. 
Spray injury probably accounte for some of this low correlation The 
t hi n n ed clusters were proportional to the actual number of clusters 
present on the tree. The number of clusters removed gives a fair 
correlation with total tree weight, whidfe is also the measurement 
showing the highest correlation with 3rield. The number of clusters 
removed shows an even greater correlation with total branch elonga- 
tion, though not with branch growth during the period of fertilization. 



THE EFFECT OF YEAST AND CASEIN SUPPLEMENTS TO 
CORN AND SOYBEAN RATIONS WHEN FED TO RATS 
AND SWINE ‘ 


Bv Charles L Shrewsbury, Associate Chemist, Claude M Vestal, Associate 
'in Animal Husbandry, and Sigfred M Hauge, Research Associate in Biochem- 
istry, Pin due University Agricultural Experiment Station 


INTRODUCTION 

One of the problems of the corn-producing area has been the inade- 
quate supply of efl&cient protein concentrates for livestock Because 
of an mcreakng acreage in soybeans (Soja mai), m theMiddle West, 
this seed has received attention as a possible protein supplement 
for corn in ammal rations A large number of feeding experiments 
with farm ammals in which soybeans or soybean products w’ere used 
have demonstrated the feeding value of this concentrate In general 
the impression is created that soybeans, at least in the raw condition, 
have a limited supplementmg value in rations for certain classes of 
livestock 

The analyses of Street and Bailey (7)* show the soybean to be 
high m protein and fat and low m ash and carbohydrates The 
protein values found in these analyses ranged from 36 8 to 45 5 per 
cent 

The high protem content of soybeans led Osborne and Mendel (4) 
to investigate th^ir biological character Thev fed corn gluten and 
soybean meal to rats and found that when the meal furnished 4 5 
peV cent protein m combmation with. 114 per cent protein from corn 
gluten satisfactory growth resulted ^ They attributed the supple- 
menting action of soybean protem to its content of lysine and tryp- 
tophane, which are lacking in com gluten. 

Osborn and NIendel (5) also investigated the soybean as the sole 
source of protem for the rat and reported that when the diet was 
complete in other respects it was adequate for normal growth. They 
found that soybeans fm'mshed a fair supply of “fat soluble vitamin’^ 
and an adequate quantity of “water soluble vntamm ’’ However, 
their data indicated that soybeans w'ere deficient in mmeral matter, 
especially calcium and chlonne. They also noted that soybeans 
were not readily consumed by rats, presumabh’’ because of the dis- 
agreeable taste they possessed 

The analyses of Jones and Waterman {3) and Daniels and Nichols 
(jf) show soybean protem to contam a variety of amino acids, some of 
which are essential for growth Jones and Waterman rex:)orted a 
tryptophane content of the soybean protem glycmm as 1.37 per cent 
and of lysme as 9 06 per cent 

It appears, then, from chemical and biological analyses that soy- 
beans should be a good supplement for protem-deficient grains in 
hvestock rations. 
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EXPERIMENTAL RESULTS WITH RATS 

GROWTH ON A PROTEIN-DEFICIENT DIET 

Inspection of Figure 1 shows that growth on the basal ration 
(No. 56) was slow This subnormal rate of gain was obtained in 
13 trials on this ration. In no mstance did any group of animals m 
this senes approach satisfactory growth. The average total gain 
per ammal was 63 7 gm for the slowest growing lot and 121 5 gm for 
“ the fastest 

Marked variation m mdividual gi'owth rates occurred, which is an 
indication of an madequate diet A few individuals grew at a fairly 
rapid rate, although the majority gamed slowly These results show 
beyond question that the basal ration is inadequate for satisfactory 
growth of rats In attempting to determine the cause of this inade- 
quacy the protein moiety of the mixture was studied Smce the 
introduction of a larger proportion of soybeans m the ration would 
render it less desirable for swme, because of the tendency of soybeans 
to form soft pork, this constituent was not increased in these trials 
However, in earlier work a quantity of soybeans furnishing an addi- 
tional 5 per cent of crude protem was added to the basal mixture 
without favorable results. 

Previous w^ork with rats indicated that the ration might be de- 
ficient in total protem It is generally believed that rations carrying 
less than 14 to 15 per cent of protem are deficient; the experience of 
the wTiters, however, does not entirely confirm this view. B}’’ feeding 
corn and casern diets with a protem level of only 13 6 per cent excel- 
lent growth w^as obtamed. (Fig. 1, ration 129.) Moreover, a large 
number of swme rations contammg less than 15 per cent protein 
produced satisfactory results. Nevertheless, it seemed that the basal 
ration could be improved by the addition of protem. Then, too, there 
might be some qualitative deficiency in the mixture that could be 
corrected. Studies were instituted with this in mind. 

GROWTH ON A DIET WITH PROTEIN ADDITIONS 

In the earlier work, tankage, meat and bone scrap, and casern were 
used as supplements. These were found to have a fairly comparable 
nutritive value, but smce casern gave slightly better results it was 
selected for the work reported here. The casein was mcorporated m 
the corn-soybean-mmeral ration m amounts furnishing 2 25 and 5 
per cent of crude protem. Table 1 gives the protem content of the 
rations 

Table 1 — Composthon of experimental raUons 



« Cooked m steam until soft, and dried 

^ :Mmeral mivture No 6 Limestone, 100 parts, special steam bone meal, 100 parts, salt, 10 parts 
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EXPERIMENTAL PROCEDURE 

Rats and swnne A\ere used as ej^perimental animals m this study. 
The rats were selected from the stock colony at 24 to 30 days of age, 
at ^\hlch time they generally weighed between 35 and 45 g They 
were quartered in a steam-heated animal house in individual false- 
bottom wire cages. A modified McCollum feed cup was used, and 
the food consumed was determined weekly Two male and two fe- 
male animals constituted a test group Each ration was tested on 
at least three groups All the rats used m the experiments received 
daily irradiations from a quartz mercurv vapor lamp for 14 minutes 



FiOtiRE 1 —Growth of rats on various experimental rations Slo^\ growth was obtained on the 
corn-soybean-mmeral ration No 56 Increased growth was apparent on rations 127 and 12^, in 
which 5 and 2 25 per cent casein protein had been added to the basal ration When the soybeans 
m rations 127 and 12S were replaced by com as in Nos 120 and 130, growth improved still further 
Growth was also observed w'hen the soybeans of the basal ration were cooked, as m No 135 See 
Table 1 for composition of the rations 

Distilled water was kept before them at all times and was fresh daily. 
The length of the experimental period was 10 weeks 

The pigs were quartered in dry lots at the experimental swune farm. 
Each test lot contained 10 pigs of comparable age and weight The 
pigs were all either high-grade or purebred Duroc Jersey stock raised 
on the swme farm These animals w^ere w'eighed at 10-dav intervals. 
Pood consumption records were obtained from each lot The experi- 
mental period w^as 70 days 

The basal ration (ration 56) had the folio wmg composition: Yellow 
com, 84 per cent; soybeans,® 14 per cent; salt mixture,^ 2 per cent. 

The experimental rations differ from No 56 by the substitution of 
protein concentrates and vitamin B carriers for a part of the corn- 
soybean mixture. In some tnals the soybeans were cooked and in 
others they wflWeft entirely out of the mixture. 

» Matasebu variety § 

* Cemposed o^Elim^toue 100 parts, special steam bone meal 100 parts, salt 10 parts. 
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incorporated in the feed m the same ratio as the unprocessed beans 
The results are presented in Figure 1 (Ration 135 ) 

Ration 135, containing cooked soybeans, has a crude pro tern con- 
tent of 13 4 per cent. For comparative purposes reference may be 
made to ration 129, contammg approximately the same protein con- 
tent derived from corn and casern. 

Growth on the cooked soybean ration was definitely superior to 
that obtamed with raw soybeans Moi cover, it compared favorably 
with that obtamed by feeding a ration of corn and casein of about 
the same protein level, although the latter combination was somewhat 
superior These results point to the conclusion that soybean protein 
is not deficient from a qualitative standpoint 

Investigations are bemg made to determine the cause of the improve- 
ment m the nutritive value of soybeans brought about by heating 
It IS unlikely that any of the major food constituents are changed in 
a qualitative manner In an earlier paper ® it was shown that the 
digestibility of the ration is not changed by cookmg Although the 
explanation of the greater nutritive value of cooked soybeans is not 
clear at this time, there is some reason for believmg that certain 
materials of a toxic nature are removed or destroyed during the 
heatmg process 


GROWTH ON A DIET WITH YEAST ADDITIONS 

In earlier trials the writers tried to impiove growth by the addition 
of dried brewers’ yeast to the ration on the assumption that it was 
deficient in the \dtamui B complex, especially in the growth-promot- 
ing factor The results of this study were so varied as to preclude 
the drawing of any defimte conclusions Osborne and Mendel (5) 
found soj^beans to be an adequate source of “the water soluble vita- 
min ” So far as the writers are awaie, no experiments have been 
reported that demonstrate the relative amounts of vitamin B (Bi) 
and vitamin G (B 2 ) in soybeans. The writers have found ^ that a 
puiified ration, complete except for vitamin B, must contain at least 
12 per cent of soybeans in order to produce small weeldy gams in the 
weight of rats. Smce corn is rich in the antineuritic vitamin B (Bi) 
and poor in the growth-promo tmg factor (B 2 ), (^) there is no reason 
to believe that the ration used by the writers is deficient in the anti- 
neuritic vitamin, although it might be deficient in the growth-pro- 
moting factor. The work herein deals with the addition of 3 per cent 
yeast to the basal mixtm'e, and the same supplemented with 2 25 
and 5 per cent protein from casein. The results are presented in 
Figure 2. 

The addition of yeast to the basal mixture consistently caused a 
shght but definite improvement in growth (Ration 131 ) How- 
ever, the improvement was not great enough to be considered satis- 
factory. From the standpoint of improving corn-soybean lations 
it was concluded that yeast is of little, if any, value. 

When yeast was added to rations containing casern the results were 
again irregular, confirming results obtained by the writers in earher 
experiments. 


« SHREWSBI^BT, C. L the nutritive ^ALUE OF SOYBEANS 
tfae Amer Chem Soc Annual Meeting, Indianapolis, 1931 
7 Unpublished data 

109285—32 6 
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Eeference to Figure 1 (rations 127 and 128) shows a marked in- 
crease m rate of gam when either the high or the low level of casein 
was employed Since more favorable growth resulted from the use 
of the higher level of casein it would appear that, m part, the quan- 
tity of protein was an important factor 

The question arose as to whether the increased growth exhibited 
by the animals on the low^er level of casein was due to a true supple- 
nientmg action of casein for soybean protein, or to a building up of 
the total protein content of the ration, or to other factors In order 
to determine this point animals were placed on a ration of corn and 
mmeral, with casern furnishing 2 25 per cent protein (Kation 130 ) 
Here the soybeans of ration 128 were replaced by an equal amount 
of corn. If the favorable response that was obtained by the use of 
ration 128 (composed of corn, soybeans, casein, and mineral) was due 
to a supplementing action of casein for soybeans, then grow^th on the 
modified ration (No. 130), m which soybeans were replaced by corn, 
should be at a slower rate The resmts of this trial, presented in 
Figure 1 (rations 128 and 130), show that the growth of the animals 
was as good when soybeans were omitted as when they were present, 
and in some mstances even better The same results were obtained 
when soybeans were replaced by an equal amount of corn in the ration 
contaming the higher level of casern protein (Ration 129.) 

There is no evidence from these experiments that soybean protein 
was supplemented by the addition of casein It appears that the 
protein of soybeans is not utilized above a certain point, owmg pos- 
sibly to factors contamed in the soybean, the nature of which is not 
known That is, when casern was added to the basal corn-soybean 
mixture better growth resulted probably not because the ration w-as 
qualitatively or quantitatively different from the original ration but 
rather because the nutrients of casern were utilized readily to supplv 
the deficiencies of corn, whereas those of soybeans were not utilized 

Although casein supplements corn alone, it is indicated from these 
experiments that in so far as improving the utilization of soybeans 
m combination with corn is concerned, the addition of casein pro- 
tein, as a supplement, is of questionable value 

GROWTH ON DIETS CONTAINING COOKED OR UNCOOKED SOYBEANS 

Since the work did not reveal a qualitative inadequacy of soybeans 
but rather an mability of the ammal organism to utilize the potential 
nutritive value in them, it w^as decided to process the beans m several 
w^ays before feedmg The work described is concerned with heating, 
especially cooking 

Osborne and Mendel (p) m 1917 showed that cooking improves the 
feedmg value of soybeans for rats. Later, Robison {6) fed cooked 
undried soybeans to hogs as a supplement to corn with very satis- 
factory lesults. It seemed desirable to study the effect of cooking 
in more detail 

Soybeans were cooked by passing steam through them until they 
became soft. Then they were rapidly dried to approximately their 
original moisture content ® Soybeans prepared m this manner were 


* C®okmg and drying were done by the agricultural engnieermg department 
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times that oi pigs fed uncooked soybeans, they required only about 
half as much of feed to produce a unit of gam. 

Table 2 — Data obtained uhen the experimental rations were fed to snine 
[Tea pigs in each lot] 


Lot No 


Ration 

NTo 


Average , Feed 
dailv required 
feed to make 
eon- 100 

sump- pounds 
tion gam 


Average 

daily 

gam 


Average 

gam 


' Povnds Pounds Pouiids Pound’' 

1 56 2 12 O’sb 3 0 31 27 S 

2 - 127 2 77 402 4 69 b2 0 

3 12S 2 61 414 0 63 56 6 

4 - — - 129 4 lb 344 & 1 21 lOS 5 

5 130 3 01 470 4 , 63 ) oG 9 

b — 131 2 35 530 0 43 38 4 

7 - 132 3 46 3S5 2 1 03 93 0 

S - 133 2 73 373 2 , 73 b"» S 

10 — 135 3 45 345 3 , 1 00 S9 9 


« See Table 1 for composition of rations 


"^Yhen casein protem was added (lots 2 and 3) the gains were greater 
than on the unsupplemented ration. When corn replaced soybeans 
m the rations containmg casein (lots 4 and o) the gains were as good as 
or better than those obtamed with soybeans in the ration (lots 2 and 
3), comparing lots 4 and 2, and 5 and 3. Dried yeast (lot 6) did not 
improve the basal ration materially, and yeast additions to rations 
cariyung high and low levels of casern (lots 7 and 8) produced variable 
lesults. 

In general, there was a high degree of correlation between the data 
obtamed for swine and those obtamed for rats. 


CONCLUSIONS 

A basal ration of corn, soybeans, and mineral is not adequate for 
satisfactory growth of rats under experimental conditions or for 
young pigs in dry lot. 

The growth of pigs and rats on corn-soybean rations can be 
improved by the addition of casein in amounts sufficient to 2.25 or 
5 per cent protein. 

Although casein supplements corn alone, the addition of casern to 
corn-soybean rations was of no value m unprovmg the utilization of 
soybeans No evidence was obtained that casern protein supple- 
mented soybean protein. 

Cooked soybeans have a definitely superior nutritive value to raw 
soybeans, due to factors not apparent from these experiments. 
When cooked soybeans were used less feed was required to produce a 
unit gain in weight than when raw soybeans were used. 

The protein of cooked soybeans appears to have a nutritive value 
somewhat less than an equivalent amount of casern when combined 
with corn. 

The addition of 3 per cent dried yeast to rations of corn and 
soybeans did not improve the growth rate of the animals sufficiently 
to make it of economic value. 
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EXPERIMENTAL RESULTS WITH SWINE 

All of the rations described above were fed to swine. Table 2 gives 
the data obtained 

The pigs weighed about 32 pounds at the beginning of the experi- 
ment. In earlier experiments hea\ner pigs were employed, but it 
was felt that more satisfactory information could be obtained in this 
study by the use of smaller ammals One of the writers ® (<S) has 
demonstrated that 100 to 110 pound pigs thrive on corn-soybean 
rations in dry lot Lighter pigs will grow well on corn-soybean 

rations if allowed to forage leg- 
ume pasture, but these lighter 
ammals do not make satisfac- 
tory gams if fed in dry lot. 

Table 2 shows that the re- 
sults obtained with swine were 
substantially the same as those 
described above for rats. The 
most striking feature of this ex- 
periment was the behavior of 
the lots on the basal corn-soy- 
bean-mineral ration (lot 1) and 
that on the same ration pre- 
pared with cooked soybeans 
(lot 10) 

The pigs fed the basal ration 
grew very slowly (0 31 pound 
per day). These ammals were 
all in good condition at the 
beginnmg of the experiment, 
but in a few weeks they be- 
came very unthrifty. The 
variability among individuals 
was pronounced Some gained 
fairly well but the majority re- 
mained almost stationary, and 
a few lost weight The hair 
coat in this lot was poor 
and shaggy, and the ammals 
were humped and thin. How- 
ever, when cooked soybeans 
replaced uncooked soybeans the situation was reversed The pigs 
made an average daily gam of 1 pound and all were fat and had good 
coats of hair. Those that were smallest at the start grew rapidly and 
remained thrifty throughout the feeding period, while the smaller 
pigs receiving the raw soybean ration remained small and their con- 
dition became poorer as the experiment proceeded 
While too much emphasis should not be placed on feed consumption 
in the case of these pigs, because of the tendency of all the groups to 
w^te feed at the self-feeders, it is m teres ting to note the greater 
utilization of feed by the pigs on the ration contammg cooked soy- 
beans. Although they made an average daily gam of more than three 



Figure 2 —Growth of rats on experimental rations to 
which yeast was added Growth on ration 131 sho-w s 
the effect of addmg 3 per cent dried brewers’ yeast to 
the basal diet, results should be compared with those 
for ration 56, Figure 1 Growth on rations 132 and 133 
shows the effect of supplementing the basal diet with 
3 per cent dried brewers’ jeast and with 5 per cent 
casein protein in the case of 132, and 2 25 per cent m 
the case of 133, results should be compared with those 
for rations 127 and 12b, E'lgure i 


« Vestal, C. M., soybeans foe hogs, Ind Agr. Sta. Hog Summary Leaflet H-8. 1924. 

[Mimeographed ] 



THE EFFECT OP ENVIRONMENT ON THE NEMATODE 
OP THE TOMATO GALL' 

By Linus H Jones - 

Asi^i^ani Rebcarch Professot of Botany, Massac?iiisetis Agricidtuial Experimeyit 

Station 

INTRODUCTION 

Root knot has been kno\^^l to occur in the United States since 1805. 
Neal (11, p 9)^ stated that he found it prevalent in Florida in 1876 
and that 'Trom time immemorial [it] had been dreaded as a foe to 
gardens and groves ’’ The range of the disease now extends from the 
Atlantic coast to the Pacific The use of the glass house in plant 
industry has brought the chmate of the South to the Northern States, 
and wherever this artificial climate is mamtained root knot eventual^ 
occurs 

The causal organism, a nematode {Heierodera radicicola (Greeflf) 
Mull.)/ has been extensively studied in this country by Neal (11), 
Atkinson (1, 2), Stone and Smith (14), Bessey (S), Godfrey and 
Morita (6), and Newhall (12), 

The purpose of the present paper is to add to the general knowledge 
of the activity of the root-knot organism withm the gall as influenced 
by temperature and moisture combined, moisture alone, desiccation, 
and decay of attached and detached galls. 

NATURE OF THE TOMATO GALL AND ITS NEMATODE POPULATION 

Nematode galls caused by Heierodera radicicola vary in size and 
form according to the number and position of female nematodes 
present in them. On the root system of a single badly mfected tomato 
plant the galls may range m size from one-sixteenth of an inch to 1 
inch in diameter and may be 3 inches long The material used in 
the present investigation was obtained from commercial greenhouses 
in which tomatoes, cucumbers, and lettuce were grovm 

Tomato galls have a large preponderance of cortical cells. An 
examination of cross and longitudinal sections shows that the pressure 
of these cells has altered the direction of the conducting channels 
of the root system, even to the breaking pomt. Atkinson (1), Stone 
and Simth (14), and Bessey (S), who have made particular stu<hes of 
such distortions, ascribe a considerable portion of nematode injury 
to this disturbance, and a small amount of injury to the feeding habits 
of the parasite. 

If a large nematode gall from a tomato plant is kept in a moist 
chamber for a few days the nematode population can be more easily 
examined When the gall is broken open a hand lens will reveal a 
great many female nematodes, which appear as small, more or less 


^ Received for publication July t», 1931 issued April, 1932. Published as contribution No 122 of the 
Massachusetts Agricultural Experiment Station 

2 The author acknowledges his mdebtedness to Prof A Vincent Osmun for his untiring interest in the 
progress of this investigation 

3 Reference is made by number (italic) to Literature Cited p 284 

* Caconema is the genus proposed by Cobb as reported by Stiles {IS, p. IJS-Jil) in 1924 Because the 
root-knot orgamsm differs m some respects from the true Heterodera as represented by the sugar-beet 
nematode (Heterodera sekachiti Schmidt), Cobb believes the genera should be separated H radicicota 
(Greeff) Mdll has, however, been the accepted name smce 1884 (10) In 1872 GreefE (7) called the root-knot 
nematode Angmllula radmcola and m 1889 Neal (11, p f7) called it A arenana 
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Glass tumblers were emploj’ed as contamers. Each contamed 200 
gm of air-diied soil brought up to 60 per cent moisture content 
Inoculations were made by mixmg 5 g of chopped nematode galls 
with the soil m each tumbler For three weeks after the inoculations 
the tumblers were allowed to remain at greenhouse temperature 
Then the soil m each was thoroughly mixed, adjusted to a specified 
moisture content, planted with two tomato seedlings, and placed m 
the temperature-control apparatus with the soil level below the level 
of the water bath Table 1 gives the ranges of temperature and mois- 
ture The experiments w^ere allowed to run 30 days, during which 
tmre the moisture was adjusted daily by adding water equal to the 
loss in weight. ^ The 30-day period vras chosen because it was believed 
that in that time galls would have formed but probably would not 
have mterfered seriously with the general character of the root system 
However, certain discrepancies appear in Table 1 that may be "due to 
um*ecogmzed nematode activity At the conclusion of the experiment, 
the sod was carefully washed from the roots of the plants and the 
better plant m each contamer was placed in series A and the poorer 
plant m series B By the use of the scoring method suggested by 
Free (4), the root systems were compared m a manner that gave a 
definite score for each system within the series Experiment 1 w^as 
conducted during January, 1926, experiment 2 was carried on from 
June 23 to July 24, 1926, and therefore had the better hght of mid- 
summer. The scores showing the relative effects of temperature and 
moistm-e combined are presented m Table 1. 

Table 1 — Effect of temperature and moistwe on the ratio of galls to root systems 


[The larger values indicate proportionately fewer gali«] ® 


i 

Terapwature j 

Moisture 

content 

1 Ratio of galls to root system 

Distribution of galJs 

Experiment No 1 

Experiment No 2 

Senes A f Senes B 

Series A 

' Senes B 

1 


1 Pelatiie i 

Eelatne 

Eelatiie 

Eelative 


i 

Per cent 

value 

value 

value \ 

lalue 


1 

40 

65 

59 

50 i 

i 14 ' 

Galls on mam and lateral roots 


60 

43 

48 

10 ; 

! 41 

Do 

15 ■ 

80 

43 

37 

59 

41 

Gabs on lateral roots 

1 

100 



99 1 

99 , 

Few small galls on lateral roots 

j 

40 

69 

71 

5 i 

14 

Galls on mam and lateral roots 

1 

18 ■■ 

60 

43 

48 

32 ; 

55 , 

Do 

SO 

94 

94 

73 ' 

! 72 

Galls on lateral roots 

j 

100 



99 1 

99 ' 

Small galls on lateral roots 


40 

54 

48 

1 

32 

41 1 

Galls on mam and lateral roots. 


60 

94 

i i 

41 1 

32 

Do 

^ 

SO 

99 

94 

64 

73 

Galls on lateral roots 

1 

100 



99 , 

99 ! 

Small galls on lateral roots 


10 

6 

12 

14 

19 ! 

Galls on mam and lateral roots 


60 

37 

31 

46 

50 1 

Do 

24 • 

80 

S3 

88 

59 , 

19 j 

Do 


100 



90 

90 i 

Small galls on lateral roots 


40 

1 

1 

19 ' 

' 14 I 

Galls on mam and lateral roots 


60 

25 

25 

32 

50 1 

Do 

27 - ' 

80 

83 

S3 

77 

.2 

Galls on lateral roots. 

1 

100 



86 

81 i 

j Do 

! 

40 

12 

6 

1 

1 

i Galls on mam and lateral roots 


60 

19 

1 19 

64 

64 

; Do 

30 ' 

80 

71 

1 l-ri-p 

i 4 

23 

46 

Do 

1 

100 



81 

, 86 

1 Small galls on lateral roots 


« The values are relative only within the senes -under which they occur. The better plants are m series 
A, the poorer in series B, experiment No 1 was conducted m January, No. 2 in June and July. 
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Opalescent, peaiiish bodies On some of these bodies there is a 
broTOish area which, when examined under the low-power lens of 
the microscope, is seen to be a mass of eggs containing nematode 
embryos m all stages of development Dark areas in the tissue of 
the g^all, when examined with the low-power lens, show a mass of 
nematodes in all stages, ranging from the undifferentiated granular 
egg to a female nematode in the process of enlarging to the pyriform 
shape that chaiacterizes maturity Galls in the last stages of decay 
actually teem with nematode life 

Among the numerous forms of the root-knot nematode m a single 
tomato gall, there appears mfrequently a mature female that cor- 
responds to the brown cyst stage of the sugarbeet nematode, Hetero- 
dera schachht It contains a mass of eggs Specimens of this form 
were identified by G Steiner, senior nematologist of the United 
States Department of Agriculture, as females of the root-knot nema- 
tode The existence of the cyst form has been denied by some inves- 
tigators, who have made use of its apparent nonexistence in separating 
the two species H radicicola and H schachtii Not in recent years 
has the subject of the cyst stage of H radicicola appeared in print, 
yet the subject exists in a controversial state in previous literature 
on the subject, the cyst form being both described and denied 

It is important to state that the cyst form was found in galls from 
mature greenhouse plants growing m a soil that was fairly dry — so 
di’y that the root system when pulled and shaken was left with 
scarcely any soil clinging to the roots The galls were large, one-half 
to 1 inch in diameter, and more woody or corky than is common 

Examinations of cucumber and lettuce galls have failed to reveal 
the cyst form Furthermore, the average gall on the tomato plant 
does not carry it Dry soil conditions seem to be the determining 
factor where cyst-bearing galls are found. 

COMBINED EFFECT OF TEMPERATURE AND MOISTURE ON 

NEMATODES 

Observations in greenhouses where root knot was seriously inter- 
fering with the productivity of the tomato crop indicated that the 
degree of infestation might be influenced by a soil-moisture relation- 
ship. In houses facing the south, the soil, as a rule, is moister on the 
north half Usually it is necessary to water more frequently on the 
south half, especially the spring crop The examination of tomato 
roots in such houses showed a general infestation of nematodes, but 
the plants from the north half were less galled than those m the drier 
soil of the south half Plants near a leaky water valve and a dripping 
pipe from an overhead watermg system also showed fewer and smaller 
galls As a result of these observations a series of experiments 
designed to yield information on the combined effect of temperature 
and moisture on root knot was carried out. 

The range of soil temperatures employed in these experiments, 
15° to 30° C., was between the minimum and maximum that would 
permit gall formation, and the range of moistures, 40 to 100 per cent 
of the moisture-holding capacity of the soil, was such as would 
support tomato growth. The temperatures were maintained by 
the constant soil-temperature apparatus. The saturated soils pro- 
duced plants that compared favorably with the plants at other soil 
moistures. 
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EFFECT OF MOISTURE ON NEMATODES 

In order to obtain more defimte information concerning the effect 
of moisture on nematodes in gaUs, fresh tomato galls as large as one- 
half inch in diameter were mixed with 400 g. of air-dry soil and kept 
in pint glass jars To the soil was added sufficient water to produce 
the range of soil moistures shown in Table 2 The jars w^ere loosely 
capped with paper, which was held in place by rubber bands. This 
helped to maintain a constant soil moisture The jars were weighed 
every 48 hours and brought up to weight when necessary At the 
end of the 31-day period the soils were mixed with enough nematode- 
free soil (steamed soil) to fill a 6-inch pot The pots were then planted 
with tomato seed and fom' weeks later the seedlings were examined, 
with a final examination 15 weeks after the seed w^as planted The 
results, which are presented in Table 2, show that the nematodes 
survived at all moistures except at 0 per cent, i e., in the air-dry soil. 
Even in soils too deficient in moisture (10 and 30 per cent) to sustain 
crop plants, the nematodes were able to survive 



Figure 1 — Apparatus used for observing root invasion by nematodes 


Table 2 — Effect of soil moisture upon the survival of the nematode in galls 



First examina- 
tion « 

Second examina- 1 
1 tion *' 1 

% 

i 

First examina- 
tion « 

Second exam- 
ination & 

Moisture in sod 
(per cent) c 

Plants i 
nema- | 
tode ! 
1 free | 

Plants 

nema- 

tode 

infected 

Plants ] Plants 
nema- nema- 
tode 1 tode 
free | infected 

' Moisture m sod 
(per cent)® 

Plants 

nema- 

tode 

free 

Plants 

nema- 

tode 

mfected 

Plants 

nema- 

tode 

free 

Plants 

nema- 

tode 

infected 

0 

Num- 
ber 1 
5 

Num- 1 
ber 

0 

! Num- I 
ber 1 
3 1 

Num- I 
ber 1 
0 

70. 

Num- 

ber 

0 

Num- 
ber ' 
5 

Num- 

ber 

0 

Num* 

ber 

3 

io 

0 

5 

1 1 

2 1 

1 80. 

0 i 

5 

0 

3 

so 

2 

3 

0 1 

3 1 

90 

0 i 

5 

0 

3 

50 1 

a 

2 

0 ' 

3 

. 100 

0 

6 

1 

2 

CO 

1 

4 

0 ’ 

3 







o 5 plants examined 4 vreeks after seeding * Percentage of saturation* 

3 plants examined 15 v* eeks after seeding. 
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Witlim the range of soil temperatures employed, it is apparent that 
there were more galls in proportion to the size of the root system at 
the higher temperatures, 24^, 27*^, and 30*^ C , with no particular 
temperature of critical importance. At lower temperatures, 15^, 18^, 
and 21°, the root systems were freely galled, but much less so than 
those at the higher temperatures. As the optimum soil temperature 
for the growth of tomatoes is close to 25° (5, P), it is to be expected 
that root knot will be prevalent on tomato at about that temperature 
The relative values m Table 1 do not change markedly with a slight 
mcrease in temperature This finding is in agreement with that 
of Godfrey {5) who, in addition to tomato, used cucumber, tobacco, 
and soybeans as indicator plants All these plants have a fairly high 
optimum soil temperature 

The differences in the results obtained with the different soil mois- 
tures were quite marked Plants grown m the saturated soils (100 
per cent moisture) were characterized by long slender roots burdened 
with very few galls. In such sods the gaUs were more plentiful at the 
higher temperatures No plant was free of galls. In general, as the 
moisture content of the sod was mcreased, the proportion of galls 
decreased There w’ere more galls at the 60 and 80 per cent sod 
moistui’es than at the 40 per cent moisture, but the root systems of 
the plants at 40 per cent w^ere so small that the plants would soon 
have died. The plants at 100 per cent sod moisture showed signs of 
spindling, but this was due to too much moisture and not to the 
presence of nematodes. 

An examination of the data in Table 1 showing the distribution of 
galls on the roots indicates that the mam root of the tomato seedling 
becomes burdened with galls at the lower moisture contents and also 
at the higher temperatures. At the higher moisture contents the 
galls are, for the most part, on the side roots. Infection m. the main 
root mterferes more seriously with the growth of the plant than does 
the presence of galls on the lateral roots. 

As previously stated, in the soils of Hghf^ content (100 

per cent) the roots were very long and slenddt^and such roots had few 
galls, if any It therefore appeared possible that the size of the root 
might aid or prevent invasion by the nematode. It is commonly 
understood that the invading nematode attacks the loosely massed 
cells of the meristematic tissue of the root tip, and so gams entrance 
to the root. By employing a root cage with tomatoes growing m a 
nematode-mfested sod, a horizontal microscope, and a strong light 
focused on root tips, the waiter was able to make direct observations 
of a nematode in the process of invadmg a root. The worm had 
worked its way in at the root tip and upward through the meriste- 
matic region, the undulations of its body aiding in the observation. 
A small portion of the posterior end had apparently not fully entered 
the root tip, for it was in the place normally occupied by the root 
cap. A measurement with an ocular micrometer determined the 
length of the organism in the observed stage as QSS/z. (Mg. 1.) 

Beaded arrangements of small gaUs seem to confirm a theory that 
the nematode does not stop after forcing its way into the root tip, 
but travels into the tissue that is developing the central cylinder to 
avoid being carried forward by the progressive growing point of the 
root tip. 
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negative results Unfoitunately, it was not anticipated that eradi- 
cation might be secured in less than two weel^s, and observations 
were unduly delayed All remaining groups gave negative results, 
as shown m Table 4 


Table 4 — Effect of desiccahon in soil upon the snrviial of nviatodes in galls 



Experiment No 1, Dec 
Apr 2S, 1927 

10, 1926- i 


Eiperiment X'o 2 
Dec 16, 19 

Aug 23 

27 

- 

Period in air-dr\ 
soil (weeks; 

Xematode galls « in pot Xo 

1 

~ 1 


Xematodes gills in pot Xo 



1 

2 

3 

4 

^ i 

1 

* 2 

3 

4 


Check 

4- 

-f- 

-t- 



i 

j 

-t* 

i 

- 

+ 




— 


— 1 

— 





— 

— 

1 

— 

— 

— 1 

— 

— , 

+ 


-1 

4- 


Ih- 

— 

— 

— 

— 

— i 

0 

1 

4- 


1 — 

2 ! 

0 

0 

0 

0 

0 j 

0 

* 6 

0 

0 

1 0 

2H 
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0 

0 ' 

0 

0 1 

0 

0 

0 

0 

i 0 

3 

0 

0 

0 1 

0 

f 0 

0 

S 0 

0 

0 

1 0 

3J.2 

0 

0 


0 

1 0 , 

0 

0 

0 

0 

1 0 

4 

0 

0 

0 i 
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0 , 

0 

! 0 

0 

0 

‘ 0 

4^2 

1 0 

0 

0 ; 

0 

0 ! 

0 

0 

I 0 

1 0 

1 0 

5 

‘ 0 

0 , 

0 j 

0 

: 0 ' 

0 

; 0 

1 0 


1 ® 



1 0 

0 1 

i 

! 0 1 

0 

1 0 

— 

1 — 

i ~ 

1 

j 0 

1 


a The sign ( +) indicates the presence of nematode galls, the dash infers that no examination was 
made for the indicated period, and 0 mdicates the absence of nematodes 


The experiment was repeated with galls of the Jrinch size and pro- 
vision made to reduce all periods to multiples of J^-week duration 
In the second experiment, eradication was effected in more than one 
and one-half weeks and less than two 

It is apparent that the %-mch galls used in the preliminary experi- 
ment required a longer period of desiccation than the }^inch galls 
employed in the two experiments shown in Table 4. From these 
results it is obvious that the length of the survival period is influenced 
by the size of the galls as well as by the length of time that the galls 
remain in the air-dry sod 

DECAY OF GALLS, ATTACHED AND DETACHED, IN SOILS OF 
DIFFERENT MOISTURE CONTENT 

A study of the influence of environment on the nematode organism 
IS more mvolved under natural conditions than it is in the laboratory. 
Particularly is this true when the galls are large. 

In addition to harbormg a dormant phase of nematode activity, the 
galls certainly must act as protective agents to their nematode 
population A decayed gall has less protective^ action than a fresh 
one A gall attached to a living root may persist in the fresh stage 
longer than does a detached gall Even though these galls remain in 
the soil for a considerable time, they may resist decay owing to the 
antiseptic properties of living cells, which are kept alive by the root 
of which they are a part That such a relation exists is borne out 
by the following experiment in which the decay of galls, attached and 
detached, was studied in soils holding different percentages of moisture 

Equal weights (10 pounds) of air-dry soil were placed in containers 
divided into five series of five pots each at moisture contents of 
0, 40, 60, 80, and 100 per cent of the water-retaining capacity of the 
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EFFECT ON NEMATODES OF FLOODING A GALL-INFESTED SOIL 

After it had been determined that a saturated soil (100 per cent 
moisture) will support nematode life and allow invasion to take place, 
it was decided to carry the study of moisture relationships one step 
further and include a flooded soil 

For this study galls were buried m sand in glass tumblers and the 
water level maintained at least one-half inch above the surface of the 
sand for various periods, as shown in Table 3 At the end of each 
period a tumbler was removed and its contents mixed with sterile 
soil m a 6-mch pot, which was then planted with tomato seed A 
pot contammg sterile soil was hkewise planted with tomato seed and 
placed m the group of pots as a check on contamination. At the 
close of the experiment no galls were found in the check pot, but galls 
were present in all other pots. It is therefore apparent that even 28 
days of continuous flooding is not sufficient to destroy the nematodes 
in gall-mfested soil. 

Table 3 — Efect of flooding upon the survival of nematode m galls 


Period 

flooded 

(dajs) 

Days 

from 

seed 

First examma- 1 
tion 1 

Final examma- * 
tion 1 

1 

Plants Plants 
nema- nema- I 
tode tode 
free ' infected 

Plants 1 Plants 1 
nema- ' nema- . 
tode 1 tode 1 
free j infected | 

0 

25 

1 • 1 

Number Number Number Number | 
4 i 6 1 0 1 3 ' 

1 

24 

2 ' 3 

0 1 3 1 

2 

23 

0 , 10 

0 , 3 I 

3 

22 

0 ' 10 

0 3 , 

4 

21 

0 10 

0 3 ' 

5 

20 

0 10 

0 ' 3 1 

Check... . 

36 

20 1 0 

3 i 0 1 


Period 

flooded 

(days) 

Days 

from 

seed 

First examina- 
tion 

Final examina- 
tion 

i „ 

Plants 1 Plants 
nema- ; nema- 
tode 1 tode 
free 1 infected 

Plants 

nema- 

tode 

free 

Plants 

nema- 

tode 

infected 

6 

19 

Number Number 
0 1 10 

Number 

0 

Number 

3 

7 

IS 

0 10 

0 

3 

10 

25 

0 10 

0 

3 

14 

24 

0 4 

0 

3 

21 

42 

7 , 19 

0 

3 

28 

36 

20 1 9 

! i 

0 

3 


EFFECT ON NEMATODES OF DESICCATION IN SOIL 

Although several investigators have reported that nematodes can 
be destroyed by the process of gradual desiccation, no information 
was available as to just what is the maximum period that large galls 
will support nematode life in the desiccating atmosphere of an air- 
dry soil Accordingly, a series of experiments designed to throw light 
on this point was conducted 

In a prelimmary experiment, large galls (about three-fourths inch 
in diameter) were introduced mto 6-mch pots of air-dry soil. After 
2, 3, and 4 weeks these pots, m replicates of five, were moistened and 
seeded with tomato. The 3-week and 4-week desiccation periods 
destroyed all nematode life, but the 2-week period did not. 

For the next two experiments galls one-half mch m diameter were 
employed. Six-mch pots of air-dry soil were divided into groups 
which were kept dry for various periods, as indicated in Table 4, and 
then moistened and planted with tomato seed. In the check pots, 
however, the soil was moistened immediately after the galls were 
introduced into the air-dry soil. All groups were m replicates of five 
In experiment 1, positive mfection was obtained m each of the check 
pots. The second group (galls m air-dry soil for two weeks) gave 
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Table 5 — Effect of vanous soil moistures on nematode galls ftom tomato, attached 
and detached galls — Continued 

SERIES E, 100 PER CENT MOISTURE CONTENT 


Period galls ■ ! 

were in soil 1 Attached galls 1 Detached galls 

(weeks) I 

, I 

1 ' ^oft, gall mtact I Very soft, central cylinder exposed due to 

j ' sloughing of tissues surrounding it. 

2 ; Galls whole, very mushy 1 GaBs whole but all decayed under epidermis, 

I central cylinder hard 

3 - i Epidermis whole and tough, fleshy tissues Epidermis whole and soft, hard central 

I all gone, hard central cylmder 1 cjlmder 

4 J Epidermis whole, tissues missmg, central i Epidermis whole, tissues missing, central 

I cylinder soft ! cvlmder tough and hard but not brittle 

5 Epidermis whole and tough, tissues missmg > Epidermis whole and tough, tissues missing 

I to pliable central cylinder to brittle central c\lmder 


At even" moisture content, the attached galls were less susceptible 
than the detached to the natural forces of decomposition As the 
moisture content of the soil increased, the process of decay was 
hastened in both the attached and detached galls There was no 
decay m the contamers entirely devoid of soil moistui’e The galls 
at 0 per cent moisture gradually shriveled, the detached galls lost 
practically all their moisture and became brittle At the end of the 
first week the attached galls were turgid at all moisture contents 
except at 100 per cent. In this container the gaRs were still intact, 
but their softness was evidence that the cells were ready to collapse 
The detached galls m the same container were at this tmie^ (after 
one week) so far gone that the central cylinder was exposed, with the 
surrounding tissue droppmg away. 

A comparison of the progress of decay m the sods of different 
moisture content indicates that decay in both attached and detached 
galls at 100 per cent was 1 week ahead of that m gaUs at 60 and 80 
per cent and 2 weeks ahead of that in galls at 40 per cent. Ho’wever, 
when the rates of decay of attached and detached gaRs are compared, 
it IS evident that the difierence in rate of decay decreases with mcrease 
m moisture content of the soil. At 100 per cent moisture content, 
the attached gaUs lagged about 1 week behind the detached in the 
process of decay; at 80 per cent, the lag was 2 weeks; at 40 and 60 
per cent, 3 weeks; and at 0 per cent, 5 weeks or more. 

SUMMARY 

This paper presents a study of the effect of enviroiment on the 
activity of the root-knot nematode, Heterodera rackcicola (Greeff) 
Mull , of the tomato gall. 

The nematode gall of the tomato plant is weU suited as material 
for environmental investigations. It offers substantial protection to 
its nematode population because of the resistant root-covering tissue. 

All stages in the life cycle of the nematode may be found in a 
decaying gaU. Among these, there was found infrequently a female 
nematode, which contained a mass of eggs. It was cystlike, and 
corresponds to the brown cyst form of the sugar-beet nematode, 
Heterodera schachtii Schmidt This particular cystlike form was not 
found in galls from cucumber or lettuce plants, and only on tomato 
plants that were growmg in a relatively dry sod 
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soil The water-holding capacity of the soil as determined by the 
method of Hilgard {8, ‘p 209) was 53 per cent of its air-dry weight 
Growing plants galled by nematodes were planted in each container 
The soil in the containers was maintained at 70 per cent moisture 
until all plants were well established This took about three weeks 
The low-moistiiro containers were reduced to their 0 and 40 per cent 
values in about 5 days. All weights were maintained by frequent 
weighing. 

Wlien all pots were adjusted to the proper moisture percentage 
detached galls from other plants were placed in cages of window 
screening and deposited in each contamer with some of the soil to 
insure the same environment as the attached galls The living plants 
were then cut at the surface of the ground without disturbing the 
root system At intervals of a week one contamer from each series 
was removed and the attached and detached galls were examined. 
The results are recorded in Table 5. 

Table 5. — Efect of various soil moistures on nematode galls from tomato, attached 

and detached galls 

SERIES A. 0 PER CENT MOISTURE CONTENT 


Period galls 
were in soil 
(weeks) 

Attached galls 

Detached galls 

1 

Turgid, not shrunken, galls apparently per- 
fect 

Indications of shriveling, but on the whole 
turgid 

Smaller galls shriveled, larger galls hard and 
turgid 

RbrivplAd, soft, not brittle _ 

Slightly shriveled, mclmed to be brittle 

Very shriveled and dry, not brittle 

Very shriveled, brittle 

Do 

Do 

2 

3 

4 

5 

Shriveled, punky, not decayed, not brittle.. 



SERIES B, 40 PER CENT MOISTURE CONTENT 


1 . 

2 . 

3. 

4. 


5. 


Turgid, unchanged - 

Slightly shriveled, slight decpy 

Soft, punkv, dry and fibrous 

Very punky, reduced in size, epidermis 
easily sloughs 

Galls whole, epidermis easily sloughs, slight 
decay 


Softening, mclmed to be spongy 
Soft decay, epidermis easily '’loughs 
Very fibrous, not much remaining 
Nothing left but tough central cjlmder 

Only central cylinder remains, not hard 


SERIES C, 60 PER CENT MOISTURE CONTENT 


1 . 

2 . 

3. 

4. 

6 . 


Turgid, unchanged 

Slightly shriveled, slight decay 

Punky, sloughs to a hard central cylinder.— 
Epidermis whole, tissues to central cylinder 
missing, central cylinder soft 
Epidermis whole, tissue beneath gone as far 
as hard central cylinder 


Very soft, inclined to bo fibrous 
Nothing left but central cylindei which is 
hard 

Soft central cylinder 
Central cylinder hard 

Central cylinder nearly destroyed, very 
fibrous and soft 


SERIES D, 80 PER CENT MOISTURE CONTENT 


1 

Tnrgtd, nnob«i>.ngAd . 

Very soft, mushy 

Nothing left but soft central cylinder 

Soft central cylmder 

2 

Galls wholo, miishy. 

3 

Soft, epidermis tough, hard central cylmder. 

4 

Epidermis soft, somewhat decayed, inner 
tissues missing, central cylinder soft 
Epidermis whole and fairly tough, tissues 
missing to central cylmder which was 
pliable 

Do 

5 

Central cylmder whole and brittle 
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The optimum range of soil temperature for tomato, 25° to 30° C , 
IS also the optimum range for nematode activity. A low soil-moisture 
content, 40 per cent, combined vnth high temperatures, 24° to 30°, 
increased the number of galls m proportion to the size of the root 
system. Plants grown in a soil saturated with water had very few 
galls, especially at the lower temperatures, 15° to 21° Such plants 
have long slender roots 

An apparatus is described for observing the invasion of a root by a 
nematode The suggestion is made that the size of a root may aid or 
prevent invasion by nematodes. 

The nematode in a detached gall may survive for one month or 
longer in soils ranging in moisture content from 10 to 100 per cent. 
The organism did not survive this period in an air-dry soil 

Flooding a gall-infested soil for 28 days did not eradicate the 
nematode. 

Galls in an air-dry soil did not protect nematode life as long as 14 
days, but did protect it as long as 10 days. 

A detached gall decays more rapidly than a gall attached to a root 
system in situ The rate of decay of attached and detached galls 
increases with an increase of moisture in the soil. The rate of decay 
of an attached gall lags about three weeks behind that of a detached 
gall in a normally moist soil, that is, one containing approximately 60 
per cent moisture. 
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THE RELATION OF AlYCOREHIZAE TO CONIFER 
SEEDLINGS* 

By Richard E McArdle 

Associate Stlviculiurist, Pacific Xorthwest Forest Experiment Station, Forest 
Seivice, United States Department of Agriculture 

INTRODUCTION 

Foresters are becoming more and more interested m the ph\"siologi- 
cal relationships ^ between forest trees and soil-mhabitmg fungi 
Certain soil fungi have long been knowm to be detrimental to tree 
seedlings as, for example, species of Pythiiim and Fiisariuni which 
cause damping off of succulent young seedlings But the belief that 
all soil-mhabiting fungi are injurious to seedlings is no longer tenable 
It is now believed that certain failuies m forest mnseiies and cei tain of 
the indifferent lesiilts sometmies encountered m planting out niirserv 
stock are not due to the piesence of a fungus but on the contrary 
should be attributed to the absence of some particular lungus 

Many pathologists believe that the association of certain fungi 
with the young loot tips of trees and other plants to form mycorrhizae 
constitutes a defimte case of parasitism on the part of the fungus 
Other investigators are equally convinced that this association of 
two dissimilar organisms is distmctly beneficial to both participants 
In any event, it is mconceivable that the formation of mycorrhizae 
should have no effect whatever on the health of the higher plants when 
all, or nearly all, of their rapidly growing root tips are invaded by 
fungous mycelium, with consequent swelling and forkmg of the roots 
The occurrence of mycorrhizae on an astomshingly large number of 
plant species makes tins question of the physiological role of mycor- 
rhizae unusually miportant 

HISTORICAL DATA 

The presence of fungus hyphae m the root cells of plants was 
described by numerous investigator during the fii*st half of the nine- 
teenth centmy There were many speculations concerning the origin 
of these mycelial threads but no evidence of value until Reese {W) - in 
1880 noted the apparent connection between a spruce rootlet and a 
truffle fungus, Elaphomyces granulatus 

In 1885 Frank {3) corned the word “mycorrhiza,” and m a series of 
papers beginning in April of that year developed the hypothesis that 
a beneficial relationship might exist between the higher plant and the 


1 Beceived for publication Aug 12, 1931, issued April, 1932 This contribution repiesents a disserta- 
tion submitted m partial fulfilment of the requirements for the degree of doctor of philosophv from the 
Umversity of jMichigan The results here presented were obtamed at the University of Michigan during 
the years 1927 to 1930 The work was started at the suggestion of C H Kauffman, to whom the writer 
IS mdebted for many helpful suggestions and much stimulatmg criticism 
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thereafter steadily declines to a minimum during the \\inter months. 

An imposing number of fungous species are reported as bemg 
mycorrhiza foimers Approximately 50 species representmg 16 
genera are in this list, and practically all are Basidiomycetes, chiefly 
agarics " ^ The genera mentioned most frequently are Amanita, Bole- 
tus, Coitinarius, Cantherellus, Inocybe, Russula, and Tricholoma. 
Unfortunately, very few of those who hare reported certain fungi as 
mycorrhiza formers have based their opmions on experimental evi- 
dence The writer can suggest at least a dozen species not yet re- 
ported as mycorrhiza formers that careful field examination discloses 
to be closely associated vuth Norway spruce (Picea ercelsa) and north- 
ern white pme (Pinus sti^obns) It is evident that many statements 
encountered in the hterature must be accepted with reservation until 
verified by laboratory experiments 

Two methods have been used to determme whether a certain fungus 
is a mycorrhiza former By one method strands of mycelium from 
a fungous fruit body are followed through the soil to a mycorrhiza , 
by the other mycorrhizae are formed in pure cultiue by inoculating 
the roots of seedlings with fungous mycehum 

The chief objection to the first method is the great difficulty in 
followmg the strands of mycehum through the soil without bi eakmg 
the filaments Moreover, there is no assm^ance whatever that the 
mycelium followed to the root is the mycelium which is responsible 
for the formation of the mycorrhiza As will be brought out later, 
even the presence of a fruit "bodv directly on a root and apparently m 
the most intimate contact with it does not necessarily signify that the 
fungus forms mycorrhizae 

In the second method the mycehum designed for inoculation purposes 
is obtained either from cultures of known fungi or from cultuies origi- 
natmg with a mycorrhiza Inoculations are made on the roots of 
seedlmgs that presumably aie sterile, or on the roots of seedlmgs 
germmating from disinfected seeds sown within a flask or other closed 
vessel A few of the investigators — ^Fuchs (4), for example — who 
obtained m 3 ^celium from the fruit bodies, did so by germmation of the 
spores, but usually this mycelium has been obtamed dmectly fiom the 
fruit body by culturing tissue taken from the mterior of the fiuit bodj" 
To obtain a pure culture of m^mehum from a mycorrhiza is a difficult 
task and can not alwaj^s be accomplished. Alelin has developed a 
method for cultui'mg mycorrhizae which he asserts is successful m 
sterilizmg the external parts of the root and thus excluding those 
species (e g , of Pemcilhuni, Fusarmm, and Mucor) which would be 
likely to outgrow the fungus causmg the m 3 "corrh]za Fresh mycor- 
rhizae are washed several times in sterile distilled \yater and then 
treated for 15 to 30 seconds with a 0 1 per cent solution of mercuric 
chloride, after which they are again washed in sterile distilled watei 
and placed on the culture medium Masui also has used this method 
with success Moller {22) extracted nwcelium from a spruce mj^cor- 
rhiza and remfected spruce rootlets with this mycelium He inocu- 
lated with nonseptate mycelium which he thought might be a Mucoi , 
but the mycelium which he later found inside the roots was septate. 
Moller’s method of obtaining steiile rootlets for inoculation purposes 


^ According to Melm, certain incomplete^ identified species of Rhizoctonia may form “ falbe ” my corrlii- 
zae A few species of Ascomyeetes have been reported as being mj corrhiza formers 
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fungus It is now generally considered that knowledge of mycor- 
rliizae begins with the publication of Frank^s researches Frank, 
however, was not the first to advance the concept of a beneficial 
relationship between fungi and the roots of higher plants, for Pfeffer 
{24) 111 1B77 ascribed to the orchid fungi a physiological 1 ole analogous 
to that of root hairs, and Kainienski (9) in i882 published a nicinoir 
on Monotropa in which he fully recognized the existence of a reciprocal 
relationship between flowering plants and fungi These works have 
been overshadowed considerably by Frank^s publications 

The interest in mycorrhizae that was aroused by Frank’s papers 
has persisted and increased More than 300 persons have written a 
total of approximately 600 papers dealing directly or indirectly with 
this subject 

It IS now generally accepted that root infection of the mycorrhizal 
type IS a widespread phenomenon among vascular plants Mycor- 
rhizae have been found among the Pteridophytes on ferns and on 
Equisetum, they have been found on the roots of orchids, violets, 
heaths, and a host of other small plants, also, on the roots of a great 
many species of forest trees, both hardwoods and conifers, and of fruit 
trees 

Several types of mycoirhizae have been pictured and described 
The three tvpes usually mentioned are ectotrophic, endotrophic, and 
ectendo trophic The terms “ectotrophic” and “endotrophic” were 
first used by Frank, Melm (17, 18, 19, 21) originated the term 
“ ectendo trophic ” Ectotrophic mycorrhizae are common on forest 
trees, expecially conifers. They are characterized by a fungous man- 
tle around the root tip and the presence of mycelium between the cells 
of the root In endotrophic mycorrhizae the hyphae are found inside 
the root cells and the hyphal strands pass through the cell walls from 
one cell to another, this type of mycorrhiza is found most often on 
herbaceous plants and hardwood trees The characteristics of the 
endotrophic and ectotrophic mycorrhizae are combined m the ectendo- 
trophic form McDougalPs (14) term “hetero trophic” is perhaps 
comparable to ectendotrophic Kayner (25) believes that the type 
of mycorrhiza formed depends upon the degree of infection of the root 
by the fungus and intimates that a given fungus might form ecto- 
trophic mycorrhizae on one plant and endotrophic mycorrhizae on 
another Melm considers that the different types of mycorrhizae 
(ectotrophic, endotrophic, and ectendotrophic) represent phases in 
development. He believes that the ectotrophic condition is the final 
stage in a gradual “squeezing out” process due to enzyme activity in 
the root cells The endotrophic mycorrhiza with its intracelliilai 
mycelium may, therefore, be transitional to the ectendotrophic type 
and this may be followed by the true ectotrophic type Melm also 
states that the type finally developed probably depends on the “viru- 
lence” of the fungiis Accordmg to Melm, these intracellular fila- 
ments eventually disappear, and he assumes that they are digested 
and utilized by the root cells Alasui (15, 16) describes this digestive 
process as consisting solely of a degeneration of the filaments due to 
the gradual gi-anulation of the cell membrane of the hyphae until at 
last it refuses to take the stain and hence no longer can be seen 

The seasonal occmTence of mycorrhizae has been studied by both 
McDougall and Masui. These investigators found that mycorrhiza 
formation reaches a maximum m late summer or early fall and 
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reserve supply of nutrient solution is kept m the other flask. The 
object in using flasks is to make certain that the cultures remain abso- 
lutely sterile ]Melm canduily admits, however, that in spite of all 
precautions at least 25 per cent of his flask cultures were contami- 
nated by the end of the third gi owing season 

Nearly every experimenter has remarked upon the difficulty of 
obtammg a culture medium that is suitable for both seedling and 
fungus Sand has been used chiefly because it is eas}’- to sterilize and 
IS inert The latter characteristic is important when the effect of 
various nutrient substances on plant and fungus development is 
being tested Although sand is suitable for the seedlings, some diffi- 
culty IS usually experienced in gettmg the fungi to grow through it 
unless it is m very coarse particles Humus and forest soils contain- 
taining humus have been used, but these media are dilBGicult to steri- 
lize without seriously changing their chemical composition; often sub- 
stances toxic to both seedlings and fungi are produced when humus 
is steam sterilized; chemical sterihzation is considered impractical. 
Various attempts have been made to increase the porosit 3 ^ of sand 
used as a culture medium Among the substances which have been 
mixed with it to make it more porous are glass beads and moss 
Melm placed sand m flasks and sterilized these for 25 mmiites m a 
steam sterilizer on each of three days Fuchs also used sand in 
flasks and autoclaved these for 2 hours at 150*^ C , he then mixed the 
treated sand with the nutrient solution and agam sterilized the filled 
flasks for one-half hour Jvlasui used sand, and also a mixture of 
sand, humus, and sphagnmn moss These media were autoclaved in 
flasks for 30 minutes at 150° O 

So far as is known, Melin’s 3-year expeiiments are the oiilj" ones 
lasting more than one year The shortest expermients probably are 
some of those performed hj Fuchs, these lasted but eight days 
Masui’s experiments were ended two or three months after the inocu- 
lations Von Tubeuf (31 ) made experiments continiimg for one j^ear 

The effect of the association of a root and a fungus is one phase of 
this subject which has had a great deal of attention and about which 
there is yet very little defimte information Since Frank first raised 
the question as to the probable value of the fungus to the higher 
plant, our knowledge of this phase has gone very little bej^ond the 
theoretical stage Nearly every conceivable hypothesis has been 
advanced as to the role of mycorrhizae in plant nutrition The m- 
vestigators who hold that the formation of mycorrhizae is mjurious to 
the host plants include Sarauw (^P), Moller, (^<9), Fuchs (4), Masui 
(15j 16), and McDougall (14) Franlv (3), Stahl (SO), Von Tubeuf 
(31), Rexhausen (38), and a number of others think the formation of 
mycorrhizae is beneficial or even necessary to the best development 
of the associated higher plant 

For about 30 3 "ears there was little compronuse between these 
diametrically opposed ideas But in 1909, Bernard (2) suggested 
that there might be a balance of benefit” between the associated 
organisms, and that under certain conditions the association was 
beneficial to both participants, whereas under other conditions evi- 
dence of parasitism would appear Since 1917 Ivlelm has further 
developed the balance of benefit” idea and has attempted to show 
that whether or not a mutual benefit is derived from the m^^corrhizae 
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was to make a column o{ three pots of sterile sand and start the seed- 
lings in the highest pot , when the roots had grown downward through 
two pots and had enteied the third, they were inoculated by smcaimg 
mycelium on them 

Peklo {23) obtained a fungous culture from beech inyconiiizae l)y 
making a decoction of the mycorrhizae. Sections of beech roots 
which had been rinsed in water were dropped into this decoction and 
on these bits of roots he obtamed a fungous mantle composed of several 
species of Penicillium Peklo^s results are of questionable value be- 
cause he used seedlings which were grown for two years in unsterilized 
humus and may have been infected Furthermore, Peklo and some 
of the other investigators failed to take into account the possibility 
that several species of fungi might be associated with the roots and 
none of them be able to form mycorrhizae A few years later, in 
1911, Fuchs found this to be true, and he declares that the fungous 
mantle sometimes developed by certam species of fungi is no sure evi- 
dence of mycorrhiza formation because the hyphae do not penetrate 
even the outer cells of the root, and the mantle is easily washed off 
He cites Penicillium as an example of a fungus that forms a mantle 
which does not penetiate the root and hence is not inycorrhizal 
When mycelium is extracted from a mycorrhiza there is no assurance 
that only one fungous species has been obtained, and unless the culti- 
vated mycelium can be made to form a fruit body there is no way to 
know what fungus is being cul timed Finally, there is the possibility 
that the fungus really responsible for the formation of the mycorrhiza 
can not be extracted from the mycorrhiza, certam species (e g , of 
Amanita and Cortinarius), which are strongly suspected of being 
mycorrhiza formers, grow very slowly 01 not at all m artificial cultuie 

Most of the recent investigators have begun then experiments with 
the seed, either raising seedlings under sterile conditions and trans- 
planting these at the time of inoculation, or raising one or a few seed- 
lings in a flask or test tube and msertmg the mocula into these vessels 
The latter method was used by Mehn and Fuchs Masui has used 
both methods, sometimes inoculatmg the seedlings when transplanted 
and at other times several months after transplanting 

Some investigators disinfected the seeds before planting, but others 
have not taken this precaution Seed disinfection methods have 
varied, but solutions of mercuric chloride appear to meet with most 
favor. Masui tried several methods and settled on one involving 
the washing of green cones (containing germinable seeds) in 50 per 
cent alcohol, then in a 0 1 per cent solution of mercuric chloride 
The seeds were removed while the cones were in the mercuric chloride 
solution and were then washed in sterile distilled water Fuchs^ 
method w^as much more elaborate The seeds were shaken m 50 per 
cent alcohol, then m concentrated sulphuric acid for 5 to 10 minutes 
They were then washed in a suspension of calcium carbonate to neu- 
tralize the acid, were rmsed m water, unmersed for five mmutes in 1 0 
per cent mercuric chloride solution, and again rmsed m water 

In the first experiments with mycorrhizae, Frank used earthen 
flowerpots and Aloller also used pots Most of the latest experimen- 
tation have been done 111 Erlenniyer flasks Mehn has used a double 
flask made of one Erlenmyer flask and one Florence flask connected 
i^by a glass tube. The culture is grown in the Erlenmyer flask and a 
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experimental evidenee does not always indicate a beneficial effect, 
it at least shows no parasitism on the part of the fimo:iis A full 
discussion of this phase of the subject is gireii m later paragraphs 


FIELD EXAMINATIONS 

In order that laboratory experimentation might be tempered by a 
knowledge of mycorrhizal conditions as they obtain m nature, a 
systematic study was made in several forest plantations These were 
located on the Saginaw Forest of the School of Forestry and Conser- 
vation, University of Michigan xAfter a prelimmary examination in 
1927 and 1928, when every comfer plantation was visited regularly 
several times each week over a period of about three months in the fall 
and again in the spring, it was decided to restrict the study to the plan- 
tations of Norway spruce and northern white pine 

Al^^corrlnzae were moderately plentiful m the white pine plantation 
and were truly abundant in the spruce plantation The abundance of 
spruce rootlets in the top 6 inches of soil and the moist conditions 
prevailing in this stand undoubtedly provide a more favorable en- 
vironment for the formation of mycorihizae than the rather dry soil 
of the pine plantation An estimate of the total amoimt of mycor- 
rhizal mfestation in each plantation was made periodically by digging 
up a number of small roots about 3 feet long in the top 6 inches of soil 
At least 98 per cent of the I'ootlets on the better quahty sites of the 
spiuce plantation, and pi'obably 75 per cent of the rootlets m the white 
pine plantation, were estimated to bear mycorrluzae In neither 
stand were mycorrhizae found very far below the suiiace , only to a 
depth of perhaps 6 inches in the pine and to about 8 inches m the 
spruce No mycorrhizae were found in that part of the spruce stand 
where raw humus is absent and the soil bakes hard and dry 

The pH values for soil and humus were determined in these two 
plantations in the fall of 1928, the spring of 1929, and agam in the fall 
of 1929 Samples from different parts of the stands were tested 
promptly vuth the quinhydrone electrode In Table 1 are given the 
average pH values for soil and humus in these two stands 


Table 1 — Aveiage pH values for soil and raw humus from the northern white pine 
and Norway spruce plantations on the Saginaw Forest 


IXorthern white pme! Norway spruce 


Soil 


Raw humus 

Soil at a depth of 4 inches. 
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Hesselman (7, 8) and Melin {20) obtained pH values of about 4 in the 
humus layers of comfer forests in northern and central Europe and 
Glpmme (5) reports essentially the same values for conifer woods in 
Norway According to Melin, Brenner found that soils in the conifer 
forests of Finland had pH values ranging from 3 5 to 4 8 In Sweden, 
Melin states, the best mycorrhizae and the most prolific occurrence of 
mycorrhizae are in forests where the raw humus has a pH value of 
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association depends very largely on the activity of the fungus He 
points out that the various species of fungi which form mycorrhizac 
are not ecpial in their ability to form this union, but that some species 
are exceptionally vigorous while others are much less so Further- 
more, the external conditions which mfluence the health of the higher 
plant also have a part in determining in which direction the reacting 
organisms will proceed Melin thinks that if a sicldy plant effects 
an association with a particularly vigorous fungus, the plant may be 
injured and derive no benefit from the association, in a word, the 
fungus IS parasitic upon the other plant In short, the modern point 
of view IS not that the formation of mycorrhizae must be either help- 
ful or harmliil to the participants of the association but that the effect 
of this association varies from absolute parasitism to complete sym- 
biosis, depending upon the vitality of the fungus and the health of 
the higher plant 

The contradictory results obtamed in investigations of the phj^- 
siological significance of mycorrhizae probably are due to the methods 
used In general, four methods have been employed to determine 
the effect on the plant of the fungus-root association (1) Conclusions 
have been drawn from field observations This admittedly is an 
inaccurate method, because allowance can not be made for all the 
many factors which simultaneously are influencing the development 
of the plant (2) Conclusions have been based on the anatomical 
structure of m 3 ^corrhizae , but mycorrhizae are difficult to section and 
stain and even m a perfectly prepared slide it is easy to overlook 
important details Many of the conclusions on the physiological 
rdle of m^'corrhizae deduced from microscopic exammations should 
be verified b 3 ^ experunents vith livmg plants (3) Microchenncal 
analyses have been made of mfected and (supposedly) immfected 
roots Weyland (S3) used these methods in studying the distribution 
of inorganic nutrient substances m root cells, and Masui has recently 
contributed an extensive paper on the subject (16) (4) There is 

the experimental method in which plant roots are brought into con- 
tact with the m^^celmm of a fungus suspected of formmg mycorrhizae 
By varying the conditions under which the plants are grown (as, for 
example, hj suppl 3 ?ing organic nitrogenous compounds to some plants 
and inorganic nitrogenous compounds to others), and b^" measure- 
ment of seedlmg height and needle length, observation of foliage 
color, and the like, direct evidence is obtamed on the effect of mycor- 
rhiza formation. In this field Melin is the outstandmg investigator. 

The mvestigators who have used the micro chemical methods agree 
that the mycorrhizal fungi are parasitic upon the associated higher 
plants, and that there is no evidence of a symbiotic relationship. 
Masui, for example, foimd that the fungi remove from the root all of 
the amino acids, most of the carbohydrates, tannins, and nitrates, 
and some of the phosphorous, potassium, and ammonium He 
found that young fruit bodies of the suspected fungi contamed large 
amounts of these substances. Inasmuch as most of the important 
food substances were removed from the seedlmg by the fungus and 
no return of nutritive material was made', Masui was forced to con- 
clude that the mycorrhizal fungus must be considered a parasite 
upon the seedlmg. 

The evidence obtained bjr the expeimiental method is almost the 
exact opposite of that obtamed by microchemical analyses. If the 
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Ectotrophic mycorrhizae 
On Nor^ ay spruce — 

Amanita mu^cann Fr 
Lycoperdon pidcheinmnm B and C 
Inocyhe entheloideb Pk 

Chtocyhe iividosa Fr \ar angmhfoha Kaiiff 
Chtocyhe diaireta Fr 
Calvatia saccaia Vahl 
Boletus piper atiis Bull 
On white pine — 

Cortinanus sp ^ 

Calvaha saccata Vahl 
Lycoperdon gemmaiuni Bat sell 
CoUyhta huiiyacea Fr 
Inocyhe euiheloides Pk 

Chtocyhe 7 tvidosa ¥r \ar angnsiifoha KauS 
Chtocyhe dial) eta Fr. 

Ectendotrophic mycorrhizae 
On Norway spruce — 

CoiUnariiis argentatus Fr 
Cortinanus cmnaniomeus Fi 
Tricholonia peisonatum Fr 
Lepiota naucina Fr (or ectotrophic onh^*^) 

Lycoperdon gemmaiuni Batsch (or ectotrophic only^l 
On white pine — 

Lycopeulon gemmatum Batsch (or ectotrophic only*^) 

Of these species, Amanita muscana has been reported by jMelin to 
form mycorrhizae on Betula, Larix, Finns sylvestrisj and Picea ex- 
celsa; Cortinanus cmnaniomeus has been reported by Masiii to form 
mycorrhizae on Finns densiflora and Fopulus tremula; the rest, so far 
as IS known, are mentioned for the fii'st time m this connection 
It has been the common practice of investigators to consider the 
attachment of fruit bodies to tree roots as definite proof of the ability 
of these fungi to form mycorrhizae It is realized that chcumstantial 
evidence of attachment is often very strong, but the apparent at- 
tachment of fruit bodies to tree roots can not be taken as proof that 
the fungus forming the fiuit body likewise formed the mycorrhizae 
The VTiter has made a microscopic examination of 28 fruit bodies of 
Lycoperdon gemmatum^ Amanita muscana, Calvatia saccata, Inocyhe 
eutheloides, Lycoperdon pulchernmum, and Cortinanus sp , each with 
tree rootlets attached. In spite of careful sectioning, stainmg, and 
examination, in none of over 100 slides could the mycelium of the 
fruit body be followed to the mterior of the root {13). 

One hundred and eight individual collections of mycorrhizae from 
the white pme and Norway spruce plantations were embedded in 
paraffin, sectioned, and stained There was sectioned also one col- 
lection from each of the followmg species Austrian pme {Finns 
mgra Arnold), Scotch pme (F. sylvestns L ), ponderosa pme (P. 
ponderosa Laws ), Douglas fir {Pseudotsuga taufolia Biitt ), and eastern 
hemlock (Tsuga canadensis (L ) Carr) 

The mycorrhizae found in the spruce plantation were simple or 
coralloid The smiple form is doubtless an early stage of the coralloid 
form; the root is imbranched and the mantle is very thin. The coral- 
loid form (the ‘^Gabelmykorrhiza’^ of Melin) is characterized by a 
corallike branching of the rootlets and the presence of well-developed 
hyphal mantles 


5 An undescribed species which Doctor Kauffman has had, undei observation for seveial ^eais. 
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about 4 He also states that usually there is an abundance of my- 
corrhizae in spruce woods having pH values of about 5 for the soil, 
but that wheie the pH value is 6 or 7 the development of mycorrhizac 
is very weak Mehn's experiments lead him to believe that vigorous 
formation of mycorrhizae will not take place on neutral or on alkaline 
soils or in extremely acid soils (e g , wuth a pH of about 3.5 or less) 
Lohman {12) has made a large number of collections of mycorrhizae 
from a wide variety of plants in Iowa and has determined the pH 
values for the soil surrounding each collection These values ranged 
from 4 9 to 8 2 but were 6 5 or over in the case of more than 70 per 
cent of his collections He concludes that mycorrhizae occur in acid, 
neutral, and alkaline soils but piobably develop better and are more 
common in soils having pH values below 6 5 

The glass plate” method of studying the seasonal development of 
mycorrhizae — ^first mentioned by McDougall — was tried in the spruce 
stand but was not entirely satisfactory for this purpose Judging, 
however, from a large number of individual collections, the maximum 
development of mycorrlhzae in these plantations occurs from early 
September to late November, during tliree successive years the best 
collections were had in October The development of mycorrhizae 
apparently depends on abundant ramfall and ■warm weather, after a 
hot, drv summer a considerable fall of rain is needed to start a vigorous 
growth of the fungous mycehum Excellent mycorrlnzae were ob- 
tained two weeks before the appearance of fruit bodies in these areas. 
New m 3 ^corrhizae probably do not develop after the advent of cold 
weather and frozen soil, but those already formed may remain alive 
for several months, a number were dug from frozen soil in December, 
J anuary, and February By spiing nearly all those formed during the 
previous year have turned brown, are more or less shriveled, and appear 
to be dead. Only a few mycorrhizae are formed during the spring 
and summer months. 

In the Norway spruce stand were found seven 1-year-old spruce 
seedlings which apparently had originated naturally from seeds cast 
by the trees of tins stand. No mycorrhizae were found on the roots 
of these seedlings 

In both the Norway spruce and northern white pine stands a great 
many atteinpts were made to verify the apparent connection between 
fungous fruit bodies and mycorrhizal roots Many fruit bodies were 
found in actual contact with roots; others were directly over large 
mycorrhizal clusters and separated from the roots by only a centi- 
meter or so. This apparently intimate association is no positive 
assurance that the mycelium which formed the fruit body also is 
responsible for the near-by mycorrlnzae, but these associations do 
furnish a clue as to which fungi might well be tested experimentally to 
determine their mycorrhiza-formmg ability In the followmg list are 
given the names of species^ which careful and repeated examination 
disclosed to be nearly always associated with tree roots in these two 
stands. The list also mdicates the fungi suspected of forming my- 
corrhizae of the different types foimd in the microscopic examinations 
of specimens from the two plantations These species represent only 
a part of the large number of fungous species collected m the two 
areas. 


*Tbe ideaitificatioii of these ftingi, without regard to the myeoiihizal types they may form, has been 
cheeked by O.H l^auffman 
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Longitudinal sections through m 3 , corrhizae on Norway spruce, suspected of being formed 
CoTtmarious argentatusy showing mycelium within cells of the root A, magnihed 700 times, 
B, 260 times 
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The mycoirhizae of spruce, which presumably aie formed by 
Amanda masea/ !a, are markedly coralloid in form At maturity they 
are invested with a mantle of pure white mvceliiun which tuiiis blown 
with age and eventually sloughs off as the mycoirhizae die and begin 
to shrivel The m 3 ’eoiihizae are about medium size, from 3 to 5 mm 
long Micro to mic/ sections show the hyphal mantle to be compar- 
atively thick, from loja to SO/x, and composed of a tangle of hyphal 
filaments which he closely appressed to the rootlet The mycelium 
penetrates between the cortical cells of the root as far, usually, as the 
cential cylinder 

The mycorrhizae of Norway spruce, which probably are formed by 
Co/ tma/ius argentatiis, ai e coralloid and have a yellowish- white mantle 
Numerous short hyphal projections give these mycorrhizae a hairy 
appearance The mycelium of the mantle soon turns brown, then 
blackish, and finally disappears as the mycorrhizae die Microscop- 
ically, these mvconinzae are noteworthy because of the presence of 
mycelium within the cells as well as between the cells (PI 1, A and 
B ) Until recently it was not believed that ectotrophic mycorrhizae 
might contain intracellular hyphae, but as Melin has pointed out, this 
Irequeiith" occurs, the proper staimng is necessaiy to make the fila- 
ments visible In this particular mycorrhiza, thought to be formed 
by C argentatusj no evidence of digestion of the hj^phae could be found. 

The mycorrhizae of Norway spruce which Lycojgerdon gemmatum is 
suspected of formmg are coralloid, but less so than those apparently 
produced by A/na7iita muscana They are about 5 mm long and 
liave a cream-colored mantle -with numerous projecting hyphal fila- 
ments. The mycelium is intercellular, but numerous short, stubby, 
haiistoriahke branches of hyphae apparently penetrate the cell walls 
It could not be determined whether actual penetration of the walls 
took place or whether the walls were distended mward without pene- 
tration The hyphae were everywhere between the cell walls of the 
cortex but did not enter the central cylmder of the root 

Tricholoma 'personatum is suspected of formmg pale-yellow mycor- 
rhizae on Norway spruce These mycorrhizae are distinctly coral- 
loid and are characteristically bulbous at the tips The swollen tip 
is sometimes twice the diameter of the rest of the mycorrliiza The 
mycorrhizae are rather long, from 5 to 7 mm, and the mantle is 
smooth, from 10/x to 20^ in thickness, and composed of closely ap- 
pressed filaments The mycehum is both intracellular and inter- 
cellular, thus placmg this mycorrhiza m the ectendotropliic class 

The mycorrhizae of spruce thought to be formed by Clitocybe 
/nvulosa var angustifoha are sparsely coralloid and weie the least 
branched of aU the mycorilnzae studied When fresh, the mycelium 
of the mantle is grayish white and slightly fluffy, the mantle turns 
brown \nth age and appears to loosen and slip from the root as the 
mycorrliiza dies The mantle is from Sjj. to 15/x in thickness These 
mycorrliizae are short, from 2 to 4 mm long, and the mycelium is 
exclusively mtercellular, penetrating the root as far as the central 
cylinder. 

^ Some of the mycorrhizae found in the northern white pine planta- 
tion were fully as coralloid as the Amanita muscaria (Norway spruce) 
mycorrhizae, but others found in this stand were almost tuberctdate 
(the KnoUenmykorrhiza of Melin). In no instance, however, were 
these tuberhke mycorrhizae j'oined together, as often occurs with the 
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Knollemiijkorrhiza type Where the same (suspected) species of 
fungi were present as appealed in the spruce areas, the white pine 
inycorrhizae had much less conspicuous mantles, although micro- 
scopic examination showed that the mantles often were just as thick 
The mycoiiiuzae of wlute pine supposedly formed by CoUybia 
butryacea were rathei short (about 3 mm) and^ were mves'ted \nth a 
grayish mycelial mantle from winch numerous short filaments pro- 
truded The mycelium penetrated between the cells of the cortex 
occasionally as far as the central cylmder, no mtracellular hyphae 
were found The mycelium inside the root was distinctly darker 
than the mycelium composing the mantle 

The mycorrlnzae of white pine suspected of being formed by 
Calvatia saccata were tiiberculate with occasional corralloid forms 
These mycorrlnzae were 4 or 5 mni long and had a thick mantle of 
cream-colored mycelium winch appeared to darken with age; the 
mantle ^Yas not found on old (apparently dead) mycorrhizae This 
mantle was from 12fx to 20/z m thickness and was composed of xerj 
closely interwoven filaments The mycelium was exclusively inter- 
cellular and penetrated the root as far as the central cylinder It 
was much darker inside the root than outside 

FORMATION OF MYCORRHIZAE UNDER CONTROLLED 
CONDITIONS 

GROWING SEEDLINGS IN THE LABORATORY 

Seedlings of Norway spruce and wliite pine were grown in pots of 
sand supplied with nutrient solutions The seeds •were first disin- 
fected by covering them wdth a 0 25 per cent solution of mercuric 
chloride and shaking vigorously for a few* moments to insuie perfect 
contact of the solution with every seed After 45 minutes the solu- 
tion was poured oft' and the seeds wm^e rinsed m thi'ee changes of 
sterile distilled water The disinfected seeds were planted in quartz 
sand The sand and the new earthen pots contaming it had been 
sterilized by autoclaving for 3K hours at 15 pounds pressure (121° C ) 
Northern white pme seeds, especially W’hen fresh, were extremely 
erratic in germinating, but alternate wetting and drying greatly 
hastened their gernunation For the spruce the germination aver- 
aged about 65 per cent and for the \vhite pine about 50 per cent 
The age of the seedhngs has been computed from the time when 
germination began to show a marked decrease 

The nutrient solution used was that developed bv Reid (£7)^ 
TMien a solution •without nitrogen was required, the nitrates of the 
Reid solution were omitted For solutions having mtiogen from an 
organic source, the nitrates were replaced by asparagine, glycine, 
mic acid, or peptone These solutions were applied to the see'dlmgs 
every 10 days The plants were watered with distilled water. 

Various experiments were made to determme approximately the 
requirements of the seedlings for light Direct sunlight was kept 
from the seedlmgs because of the considerable increase in tempera- 
ture accompanymg sunlight. Artificial light (supplied by 50 w 
electric lamps) was used to supplement the indirect sunlight reaching 


6 The chemical composition of the solution is as follo\^s Solution A— AIgS 04 , 2 pei cent, KH 2 PO 4 , 2 pei 
cent, KNO 3 , 2 per cent Solution B — CaCb, 3 per cent, CaS 04 , 2 per cent, CatN 03 ') 2 , 4 per cent Equal 
quantities of the solution are mi\ed and then diluted 20 times A few drops of 1 pei cent feme citiate 
solution IS added to the diluted solution 
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Calvaha saccnta Vabl 
Cortinariiis sp 

Lijcoperdon gemmaittm Bat^cli 
Antaniki muscnria Fr 
B<ih(iis piperatas Bull 
C'oriinarntii cinnamamefi^i Fr 
Lollfjbia hnlryacea Fr 

The initial cultures and the subcultm*es in test tubes weie made on 
a nutrient agar * Tests were made to determine the effect of various 
nutrient substances on the growth rate of the fungi ® Among the 
media used in these experiments were the following: Sugar agars 
which contained only matose, glucose, or sucrose and agar and water, 
an agar contaimng the compounds included in the Reid nutrient 
solution for seedlings, humus agars containing a decoction made by 
boiling raw humus from the spruce plantation, asparagine agar, in 
which the nitrogenous compounds of the regular nutrient agar were 
replaced by asparagine, Leoman agar;^*^ malt extract agar, and 
several “tannin’’ agars made by adding to the media mentioned a 
little concentrated solution (of tannin and probably other substances) 
extracted from cork by boiling it in water 

Sucrose appeared to be less adapted to the needs of these fungi than 
either maltose oi glucose, but no appreciable growth of mycelium was 
obtained unless a sugar was included m the ciiltiiie medium. Alost 
of the fungi made an extensive growth of mycelium on agar containing 
only sugar, but satisfactory development over a long period was not 
obtained iinless mmeral salts also were available, xllthough these 
fungi thrive in humus soil, none of them hved on the agar containing 
humus decoction, it is possible that boiling the humus may have 
produced substances toxic to the fungi ^ The addition of a little 
concentrated cork extract (probably consisting chiefly of tannin) to 
the culture medium materially aided the mycelial development of all 
fungi The regular nutrient agar (see footnote 8) and this agar with 
cork extract produced the most rapid development of mycelium 
The individual fungi varied greatly in rate of mycelial growth. 
Chtocybe rwulosa made the most rapid spread of mycelium; this 
fungus grew rapidly from the time that cultures were started. Other 
species — e g., Cahatia saccata — spread very slowly for several days 
and then grew vigorously Boletus piperatus, Amanita muscaria, and 
Coriinarins sp made no appreciable growth on any of these media 
The mycelium developed most rapidly at temperatures approxi- 
mating 22° C. At 15° all fungi grew very slowly, and mycelial spread 
likewise decieased very markedly when the cultures were kept at 30°. 
At 36° there was ahnost no increase m spread of the mycelium 

These results are for fungi in artificial culture and may not represent 
the actual development of the fungi when growing m their native 
habitats Amanita muscaria, for example, normally may be a slow- 
growing species, but it undoubtedly grows much faster m nature than 

8 This agar had the following composition Agar,® 15 g, maltose, 5 g, peptone, 0 1 g, IMgSOi, 0 5 g, 
Ca(N0::)2, 0 5 g, KHaPOi, 0 25 g. distilled watei , « 950 cm^ 

® The cultures were kept at a unifoi m tempei ature of 22° C and the mean radial grow th of the mycelium 
was measured everv day For about half of the cultures an additional measurement was made by tracing 
the daih spread of the m%eehum with wax pencil on the bottom of the Petri dish, these impressions subse- 
quently were transferred to sheets of papei and the area of each “i mg” obtained with a planimeter; this 
indicated the daih spread of mycelium m squaie mches The results thus obtained agreed very cIosel> 
with those obtamed by measuring the mean radial growth 
JO Leoman agar has the following composition Agoi, 15 g, malt extract, 6 25 g, maltose, 6 25 g, MgS 04 , 
62 g, KH 2 FO 4 , 1 25 g, distilled water, 1,000 cm-J 

« g and cm3 are the abbreviations recently adopted by the Government Printmg Office for grams and 
cubic centimeters, respectively 
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the seedlings. It was found by experiment that continuous light — 
at least, over a period of one month — was not harmful to the seedlings , 
on the contrary, continuous ilhimination stimulated the development 
ot new fohage 

Experiments were made to learn at what air tempeiature and rela- 
tive humidity the best development of the seedlmgs takes place and 
at what point the seedhngs begin to suffer from the influence of 
these two factors It was found that rapid growth occurred with 
temperatures approximating 18® to 22® C and a relative hunndity 
above 35 per cent The seedhngs suffered when the temperature 
was above 24® and also when the relative humidity was below 20 per 
cent The harmful efiect of heat was oflset by a Ingh relative humid- 
ity, the maximum safe temperatm'e being about 30® m a saturated 
atmosphere It was observed also that a moist atmosphere encom- 
ages the development of new fohage and that dry air retards it. 
Because of this, the air temperature of the laboratoiy was kept as 
near 20® as possible, the lights were not used when the temperature 
unavoidably rose above 22®, and the ah was kept moist by sprinkling 
water on the floor Unless these precautions are taken it is likely 
that seedhngs will die, and in some instances their death might erron- 
eously be attributed to the action of a fungus if culture experiments 
are in progress. 

In an experiment to determine the effect of the nitrogen source 
on the development of the seedlings, one set of seedlings was supplied 
with inorganic nitrogenous compounds, another set was furmshed 
nitrogen in orgamc compounds (asparagine, peptone, glycine, and 
uric acid), and a tiiird set was supplied with a nutrient solution 
contaimng no nitrogenous compounds The seedlings with nitrates 
developed normall}^; at the end of the experiment (six months) they 
had comparatively short but many-branched roots, foliage of a dark- 
green color, and had increased about !){ inches m height. The 
seedlings without nitrogen had a sickly appearance, their roots were 
long and sparsely branched, the foliage was yellow with many 
needles dropping, and they had grown scarcely half an inch in height 
The seedlings supphed with nitrogen from orgamc compounds likewise 
exhibited signs of nitrogen starvation. 

GROWING FUNGI IN PURE CULTURES 

A number of fungi were cultured by placing fragments of clean 
tissue from the interior of fruit bodies on nutrient agar in Petri dishes. 
Wlien sufficient myceliimi had developed in these imtial cultures, 
subcultuins were made in other dishes and in test tubes. The best 
cultmes were obtamed from fresh, young fruit bodies collected during 
the period of maximum fruit-body production (in October), mycelium 
obtained from fruit bodies collected much earlier or later grew very 
slowly. The following fungi were cultured:^ 

Chtocyhe nvulosa Fr. var angustifoha Kauff. 

Clitocyhe diaireta Fr 

Tricholoma personatum Fr 


? Tbere was no reason to expect variations m the cultures of any fungus due solely to the location from 
which the fruit body was obtained As a matter of record, the moculation experiments to be described were 
made with cultures of fruit bodies obtamed from the white pine and Norway spruce plantations, as follows 
Lmperdm §mimatum Batsch , from spruce stand, Nov 8 , 1928, Tncholoma personatum Fr , from spruce 
stand, Oct 17, 1928; Chtocybe dvar^a Fr , from pme stand, Nov 4, 1928, Calvatia saccata Vahl , from spruce 
stand, Nov 8, 19^, Ctitocybe rwvXma Fr var angusttfoha ICauff , from pine stand, Oct 4, 1928. 
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layer of granulated cork, f3) a layer of coik mixed with sand, or (4) 
a cork and sand mixture over a thin layer of agar bearing a ^ngorolls 
giowth of mycelium Disinfected seeds were planted in some ot 
the flasks, sterile seedlings were transplanted to others 

The same species of fungi and seedlings were used as in the test- 
lu])e cultures to loim mycoirhizae m these flasks It was impossible, 
howevei, to continue the expeiiments for more than a few months 
])ecause the humidity of the air withm the flasks so promoted the 
aerial growth of the mycelium that the seedlings were smothered 
Another difflculty was lack of drainage, seedlings and fungi died from 
excess moisture m the culture medium A third difficulty was the 
rapid development of Pemcillmm and other contaminating organisms 
within the flasks — these pests did not appear in open cultures 
Finally, it was impossible to mamtain a large nimiber of cultures 

An "attempt was made to improve the moisture conditions within 
these flasks For drainage, a short piece of glass tubing was fused 
into the side of the flask about half an inch above the bottom To 
decrease the moisture content of the an* vuthin the flask an inverted 
U-shaped tube was mserted m the cotton stopper with one end of 
the tube inside the flask and the other end outside These improve- 
ments overcame the excessively moist condition of the medium but 
did not material^ reduce the atmospheric moistuie within the flasks 

Simultaneous with these wholly inclosed cultures, another experi- 
ment was made using small (125 cm^) Erlenmyer flasks and leaving 
the foliage and most of the stem of the seedlmg protruding from the 
flask One hundred and four of these flasks were used, filled to the 
top with sand or with the cork and sand mixture Half of the flasks 
were treated with a nutrient solution containmg nitrogen m inorganic 
compounds (nitrates'), and the others were given a solution contain- 
ing mtrogen m an organic compound (asparagine) By leavmg the 
foliage of the seedlings outside the flasks the aerial growth of mycelium 
was prevented. The expermient lasted two months and was discon- 
tinued because of the excessive mortality of the seedlings Ivlycor- 
rhizae were formed on the seedlings (pine and spruce) by the four 
species of fungi previously mentioned, but it was found by experiment 
that the seedlmgs died not because of the formation of mycorrhizae 
but because of the moist condition of the media in the flasks In 
most of the flasks the medium was either very dry or was soggy with 
moisture The Imng seedlings were in the few flasks containing 
media that were moderately moist These results again demon- 
strated that drainage is a niost important factor, and seedlings later 
were successfully gro\vn in flasks having drainage holes in their 
bottoms 

CuLTUBEa IN PoTS 

The experiments thus far performed demonstrated that certain 
fungi form mycorrhizae on northern white pine and Norway spruce 

12 An effort was made to find some mateiial which would make the sand moie porous Among the sub- 
stances were glass beads, glass wool, a muxture of agai ind sand stined togethei while hot and allowed to 
cool, granulated cork, and a mixture of cork and sind The mixture of cork md sand \v’’as found to he very 
sitisfaetoiy The cork was boiled in small quantities for 10 minutes in each of three changes of watei to 
remove most of the tannin and other soluble substances A test shovved that 21 changes of water did not 
entirelv lemove the tannin but 3 changes of watei removed a "^eiv laige pait of it As the experiments 
with fungous cultures demonsti ited, coik extract picbibly consistmg raamly of tannin, does not inhibit 
the development of the fungi used m these experiments, on the contiarx , it piomotes the g’*owth of the 
mjcelium After boiling, the coik was placed m flasks and autoclaved for one horn, then iinsed m two 
changes of sterile distilled watei and dried at 105® C foi about four hnuis, oi until dix The mixture con- 
sisted of 1 part sand to 4 parts of granulated cork, volume 
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m these ciiltiiies A 3"ear aftei these experiments were made they 
weie repeated with approximately the same results. 

for:mation of mycorrhizae in pure cultures 

Seveial investigators have produced mycorrhizae in puie cultuies, 
though not always m abundance A resume of the methods used has 
already been given In the experiments now to be described a variety 
of media and several Uiies of containers were used with the object of 
finding the culture medium and type of container best suited to long- 
time experiments of tins character The media employed were agar, 
sand, sawdust, cork, and combinations of these. Test tubes, flasks, 
and earthen flowerpots were used as contamers for the fungus-seedling 
cultures 

Cultures in Test Tubes 

Two types of cultures were made in test tubes In one, disinfected 
seeds were placed on slanted nutiient agar and inocula added as the 
seeds germinated In the other, a vigorous growth of mycelium first 
was obtamed on slanted agar, then against this the roots of a sterile 
seedling weie held m place either with sand or with sawdust When 
seeds weie planted the tube was kept closed with a cotton stopper; 
when seedlings were used, the tube was filled to the top with the sand 
or sawdust and the top and most of the stem of the seedlmg protruded 
from the tube. 

In these experiments with test tubes, mycorrhizae were formed on 
the roots of white pine and Norway spruce seedlings vuth Tricholoma 
personatuin, Clitocyhe dlatreta^ C rivulosa var angustijolia, and 
Lycoperdon gemmatum, none of which had been reported as a mycor- 
iMza foimer The expeiiments gave no mdication as to the 
physiological effect of mycorrhizae on the seedhngs, for one set of 
seedlings (in sand) died while another set (m sa^vdust) hved when 
exposed to exactly the same species of fungi 

The experiments also revealed certain undesirable features in the 
use of test tubes Raising seedlmgs from the seed wuthin stoppered 
test tubes was not successful because aerial growth of the mycelium 
covered the foliage of the seedhng If sand is used as a restraining 
medium it must be used in larger quantity than can be contained in 
test tubes of the size employed (20 by 175 mm); unless this is done 
the sand will dry out and the seedhngs will die The indications are 
that sawdust is a better medium, physically, than sand for these 
experiments; it holds water better and, being more porous, permits a 
much better development of the mycehum than sand In spite of 
these advantages, however, sawdust probably can not be used because 
of the difficulty of sterilizmg it. 

Cultures in Flasks 

The fii*st flask cultures were continuations of the attempt to form 
mycorrhizae m wholly mclosed cultures Erlenmyer flasks of 500 
to 1,000 cm? capacity were used One of the followmg culture media 
was used in each flask: (1) A layer of sand about 2 inches deep, (2) a 


w Subsequent mention of “sterile” seedlmgs implies that the seedlings were grown from dismfected seeds 
under sterile conditions m sterilized sand and before transplantmg to cultures were washed quickly m 95 
per cent alcohol and rinsed m sterile distilled water 
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Anotliei experiment wab started in which single seedlings were 
planted in 2K"iiicli and 3-inch pots instead of o-mch pots In tins 
series only spruce seedlings and Tncholoma perhonatum were used. 
It was decided as a result of this experiment that the smaller pots for 
single plants are best, since, if a seedling dies during the coimse of the 
experiment, it may then be removed for exannnation without disturb- 
ing other seedlings The results of tins experiment are included wuth 
those obtained with the larger pots 

Artificial light was supplied to the seedhngs for about eight hours 
each day Distilled water was sprmkled over the pots daily in suffi- 
cient quantity to keep the sand layer moist The small groove in the 
cork stopper allowed surplus water to dram away gradually but pre- 
vented water and nutrients from passing too rapidly" through the 
pot Nutrients were applied every 10 days by making a small hole 
in the sand layer and pouring the solution directly into the substratum 
through a funnel In previous experiments it had been foimd that 
any of the nutrient solutions used in this experiment could be poured 
over pots of sand wuthout danger of having such a common laboratory 
pest as Peiiicillium appear on the surface of the sand These con- 
taminations did appear, howevei, on the sides of the pots ]ust above 
the sand layer where nutrient solutions had fallen in sprinkling them 
over the pots By applying the solutions directly to the substratum 
the tops of the pots were kept clean throughout the course of the 
experiment 

The intrusion of PeniciDiuni of other contanunating orgamsms was 
guarded against as much as possible, but there was no assurance that 
they would not reach the interior of these cultures, nor any reason to 
believe that these organisms would not grow in the cork and sand 
layer At close of the experiment, however, not one instance of such 
contamination was found in these pots Furthermore there is no 
known instance of Pemcillium or like pests forming my^corrhizae 
Fuchs made a number of attempts to form mycorrliizae with several 
species of Pemcilhiim wluch he had extracted from roots beanng 
mycorrliizae but was unsuccessful He reports that the mycelium of 
these fungi did not penetiate the loots and even if a hyphal mantle 
was formed it could be washed from the root 

To check Fuchs’ results, 7 pots of seedlings were prepared as foi 
the regular expeiimental work and were inoculated with cultures of 
fungi as follows (1) 2 pots vith PeniciUmm sp from an agar plate 
exposed in the laboratory, (2) 1 pot with Pemcillium sp cultured from 
undismfected Norway spruce seeds, (3) 1 pot with Rhizopus sp 
cultured from undismfected Norway spruce seeds, (4) 1 pot with 
Rhizopus sp from an agar plate exposed m the laboratory^, and (5) 2 
pots %vith the only Mucors available, M lamprospora and M spine- 
scans The pots were exammed four months later and in no instance 
was there any evidence of mycorrhiza formation Except for one 
pine seedlmg, the plants were all livmg in a healthy, vigorous con- 
dition. Microscopic exammation of the roots of these seedlings, 
mcluding the dead pme, disclosed no mycelium within the roots, and 
on only three seedlings was there an appreciable amount of mycelium 
on the exterior of the roots As will be described shortly, mycorrhizae 
were formed m every pot inoculated with Basidiomycete fungi. It 
appears, therefore, that the ordinary contaminations likely^ to reach 
llllC4r-32 2 
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Tlie results gave several equallv important clues as to the require- 
ments for a method which could be used in extended experiments 
Not only must this method be adapted to cultures lasting two or 
three years, but the method must be so devised that, the physical 
(‘onditioiis existing m the cultures being kept as constant as possible, 
any observed change in the condition of the seedlings could be attrib- 
uted to some other cause A mixture of cork and sand had proved 
to be a suitable porous culture medium, drainage was found to be 
absolutely essential to avoid impossible growth conditions for the seed- 
ling, also, aerial growth of mycelium could apparently be prevented 
by permitting the foliage of the seedlings to grow m the open 

The use of earthen flowerpots as containers for the cultures was 
suggested verv early by the results obtained in the experiments with 
test tubes and flasks Preliminary tests with flowerpots were started 
as soon as difficulties were encountered m the use of flasks and the 
necessary foundation in experience was thus laid in time to take full 
advantage of the conclusions finally drawn from the flask experiments. 

Sixty o-inch pots were prepared in a uniform manner. A shallow, 
V-shaped groove (for drainage) was cut in a new coik along the entire 
length ol one side and the cork inserted in the large drainage hole of a 
new clay flowerpot The pot was autoclaved for 3K hours at 15 
pounds pressuie Sand was autoclaved in flasks for 8)2 hours and 
then heated at 105*^ C. for about 6 hours, or imtil dry New granu- 
lated coik was boiled in three changes of water, autoclaved, rinsed, 
and dried m the manner already described Subsequent operations 
were performed as rapidly as possible and under sterile conditions 
The sand and cork were mixed m the pot in the proportion of 1 part 
of sand to 4 parts of cork by volume Sterile nutrient solution was 
added until the cork and sand mixture was thoroughly moistened 
Ivlyceliuin from cultures made on agar containing only maltose was 
stirred into the cork and sand nnxture Seedlings raised imder sterile 
conditions from disinfected seeds were washed in 95 per cent alcohol, 
rinsed m sterile distilled water, and transplanted to the pots. A 
layer of sterilized dry sand was poured over the top of the cork and 
sand mixture in each pot and moistened \vith distilled water 

Seven seedlings were placed in each pot 3 spruce seedhngs 3 weeks 
old, 3 spruce seedlings 5 months old, and 1 seedling of wlnte pine 6 
months old The fungi used were Tncholoma 'personatuin^ Clitocybe 
rimlosa, and Lycoperdon geimnatum 
_ Nutrient solutions were applied in thi*ee forms: (1) With inorganic 
nitrogenous eompoimds (mtrates), (2) with organic mtrogenoiis com- 
pounds (asparagme, uric acid, peptone, or glycine), and (3) without 
nitrogenous compounds Each nutnent solution contained 0.5 per 
cent maltose. 

For the series with inorganic nitrogenous eompoimds there were 
4 pots for each fungus species and a check of 4 pots without fungi, a 
total of 16 pots and 112 seedlings. For the asparagme series there 
were 4 pots for each fimgus and a check of 4 pots without fungi, a 
total of 16 pots and 112 seedlings For each of the uric acid, glycine, 
and peptone groups there were 2 pots for each fimgus and a check of 
2 pots without fungi, a total of 8 pots and 56 seedlings for each of the 
three groups For the nitrogen-free series there was 1 pot for each 
" fungus and a check of 1 pot, a total of 4 pots and 28 seedlings. In 
all, 420 seedlings were used. 
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The excellent seedling survival in these experiments with pots is 
noteworthy when compared with the results obtained m the experi- 
ments with flasks and test tubes. The survival with pots was over 
98 per cent, and this includes the nitrogen-free cultures Only two 
seedlings died in check pots, and these were in the peptone and the 
nitiogen-free series 

These experiments yielded no absolute proof that the presence of 
mycorrhizae is either detrimental or beneficial to the seedlings Nor 
did the results support or refute the hypothesis that mycorrhizae 
aid seedlings to obtain nitrogen from complex organic compounds. 
The experiments did substantiate previous investigations which indi- 
cated that seedlings suffer from lack of nitrogen when this element is 
present only in complex organic compounds such as peptone. 

DEVELOPMENT OF THE MYCORRHIZAL MANTLE 

The development of the fungous mantle on seedling roots was 
studied in cultures made in glass-sided boxes The most successful 
type of box was made of galvanized sheet iron and was inches 
tall, 8 inches wide, and 2 inches thick, with a sheet of plate glass in 
one of the larger faces The glass surface was covered with black 
paper, except when an examination was being made Difficulties in 
proper placement of seedlings were overcome as follows A box was 
filled with sand and moistened thoroughly with nutrient solution, the 
box was then placed so that the glass side was uppermost and the 
glass was withdrawn from the box; the seedlings and inocula were 
placed as desired on the surface of the sand, and the glass plate care- 
fully pushed back into the box This box would be greatly improved 
if the sides were so hinged that the glass plate could be lifted directly 
from the sand and replaced without sliding 

In the tests made m these boxes mycelium on the roots grew very 
slowly unless m contact with the actively growing part of the root 
tip, when a pronounced increase in development promptly occurred. 
In most of the mycorrhizae the mycelium apparently reached the 
loot at the tip, uniformly enveloped the tip, and then spread back 
over the root in a thin mantle at the rate of 2 or 3 mm a week How 
rapidly the mantle increased in thickness is not known, nor has suffi- 
cient study been made to show how soon the mycelium begins to 
penetrate between the outermost cells of the root. In two months 
mycorrhizae were produced that were comparable to those of the 
regular pot cultures 

The location of the infected root tips was marked with wax pencil 
on the glass side, and in this way it was determined that the infected 
roots made no appreciable inci'ease in length after the formation of 
the fungous mantle The imtial presence of the mycelium did not 
entirely stop the elongation of the root, but its rate of elongation 
suddenly decreased upon the formation of a rudimentary hyphal 
mantle 

Microscopic examination of older roots to which strands of hyphae 
apparently were attached disclosed no penetration of mycelium into 
the root cells. This indicates that mycorrhiza formation depends 
upon the presence of an actively growing root tip Masui asserts 
that he found mycelium within older roots, but Melin was unable to 
verify this finding. 
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cultures m this particular laboratory may be clisiegaided m so far 
as mycorrhiza foimation is concerned 

The experiment with the large pots lasted four and one-half months 
Mvcorrhizae were foimed on "the roots of both pine and spiuce seed- 
lings m eyery inoculated pot A few seedlings had less than 50 per 
cent of then rootlets infected, but on most of the seedlings all, oi 
practicalh' all, of the rootlets were mfected with the fungous mycelium 
The experiment again demonstrated that Tncholoma personatum, 
Lycoperdon gemmatum^ and Clitocyhe rivulosa yar angushjolia form 
mycoirhizae on white pine and Norway spruce seedlings 

The experiment gaye no indication that the nitrogen source (i e , 
whether from organic or from inorganic compounds) has any marked 
influence on the rapidity of mycorrhiza formation or the abundance 
of mycorrhizae Mvcorrhizae were formed just as rapidly and m as 
laige numbers in the cultures with peptone as a nitrogen source as in 
the cultures ^\uth nitrates In the cultures where nitrogen was 
omitted from the nutiient solution, mycoirhizae were formed with no 
less rapidity but in somewhat less abundance than in the cultures 
with nitrogen 

In the senes in which no nitrogen (except, perhaps, fiom the coik) 
was given to the cultures, the seedlings developed normally for nearly 
two months and then in both the inoculated and check pots the 
foliage began to fade and there was a slight decrease m the develop- 
ment of the needles Two pine seedlmgs of the inoculated pots and 
one pine and one spruce seedling of the check pots weie dead at the 
end of the experiment Irrespective of the presence of mycorrhizae, 
these seedlmgs without nitrogen had a sickly appearance 

In the nitrate series the seedlings m both check and inoculated 
pots were m excellent condition at the end of the experiment Their 
foliage was a fresh, green color and new needles were developing 
rapidly Absolutely no difference could be seen between the mfected 
seedlings and the uninfected seedlings One pine seedling died at the 
age of six weeks in a pot inoculated with Lycoperdon gemmatnm 
The other seedlings, including those m the check pots, wcic alive at 
the end of the experiment 

In the asparagine, uric acid, and glycmc senes the results veic 
almost the same as mth the nitrate series No diffeience could be 
detected between the appearance of the infected and the uninfected 
seedhngs The foliage of these seedlmgs was dark green and the 
needle development was vigorous One pine seedling with aspara- 
gine and Clitocyhe nmlosa, and one spruce seedlmg with uric acid 
and Tncholoma permnatum were dead one month after the start of 
the experiment. 

In the peptone series the residts obtained were similar to those of 
the nitrogen-free series The foliage was yellowish green and the 
needles appeared to be somewhat shorter than in the other series 
Except for the color of the foliage, these differences were not pro- 
nounced^ As nearly as could be determmed, there was no appre- 
ciable difference m the condition of the infected and the uninfected 
seedlings One pine of the check set and one young spruce with 
Tricholoma personatum were dead one month after the start of the 
experiment. 




A and B, Longitudinal sections through mycorrhizae formed on Norway spruce in syntheses with 
Tncholoma personatum (peptone senes) 
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The mycoirhizae px’oduced m pure cultures were killed and fixed 
in iveak chromo-ace tic acid solution, after washing, dehydrating, 
and embedding in paraffin, these mycorrhizae were sectioned on a 



PiOFEE 2 —A, Mycorrhiza on Norway spruce, formed m synthesis with Clitocybe nmlosa (asparagine 
senes) , B, mycorrhizae on Norway spruce, formed m synthesis with Clitocybe mulosa (nitrate series) 


microtome and stained in Delafield's haematoxylon and safranine or 
with Pianeze III (SB) 


WThe 5^ following composition Malachite green, 0 5 g, acid fuchsm, 0 1 g, napthol yellow, 

g; water, ISO cm», and alcohol (95 per cent), 50 em« » ^ . 
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The mycorrhizae formed m the culture experiments closely resem- 
bled those collected m the field, except that the coralloid habit was 
less pronounced and the lungous mantles were somewhat thinner. 
The results so lai obtained do not indicate any appreciable differ- 
euee in the external appearance of the mvcorrhizae which could be 
attributed to the nitrogen source 

The mycorrhizae formed on Nomay spruce by aHocybe nvnlosa 
Tar angustfohavrere slightly coralloid, from 2 to 7 mm long, and 
had grayish white mantles with numerous short projecting strands 
of hyp^e (Figs 1 and 2, A and B ) The mantle was only 4u to 
9^ m thicloiess and was composed of loosely intemoven filaments 
about 3 m m diameter, frequently septate, and with numerous clamp 
connections Within the root the mycelium was exclusively mter- 
cellular and penetrated the root in some mycorrhizae as far as the 



Figuhk 3 --Mycorrluzao on Noiwaj- spiuce, 

fnilv: 


(nitrate seneb) 




central cylindci, this intercellular mycelium was darker than that of 
the mantle 

The myccDrrhizae of Norway spruce and Tricholoma personatu 7 n 
(hgs 3 and 4, and pi 2, A and B) were much more coralloid than those 
produceci on spruce by Ohtocybe nvulosa (figs 1 and 2) The mantles 
were yellowish white, with smooth outer surfaces, and were about 
10/i or 12 in thickness The tightly interlaced hyphae of the mantles 
were about 3/x in diameter, had numerous clamp connections, and 
were frequently septate Characteristic of these mycorrhizae were 
then distmctly bulbous tips, those collected in the field and suspected 
of being formed by this fungus also had bulbous tips Except at the 
very tips of the roots the mycelium penetrated the root as far as the 
central cylinder and sometimes mvaded that portion of the root 
In practically all of the mycorrhizae examined, the mycelium was 
both intercellular and intracellular and was slightly darker mside 
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The mycorrhizae of Noiway spiuce and Lycoperdon gemmatiun 
(fig. 5) were simple, but coralloid mj'corrhizae occasionally were 
found Then* mantles were white, often with a pale-yellow tint, and 
the many short hyphal stiands projecting from the mantles gave 
these mycorrhizae a haiiy appearance The mantles were approxi- 
mately 6 mm long and from lO/x to 16jLt thick The mycelium was 
3 bix or 4ju in diameter, frequently septate but having only a few 
clamp connections and penetrating the root mtercellularly almost to 
the central cylinder In several instances an intracellular develop- 



Figure 5 —Mycorrhizae on Norway spruce, formed m synthesis with Lycoperdon gemmatum 

(nitrate series) 


ment of the mycelium was suspected, but this could not be established 
definitely 

The mycoirhizae of Norway spruce and Clitocybe diatreta were 
very smular to those formed on spruce with G, rivulosa, although 
the mantles were whiter. As with most of the mycorrlnzae formed 
in culture the roots were but slightly coralloid. The mantles were 
composed of loosely interwoven hyphae about or 3.5/i in diameter, 
frequently septate, and with a great manjr clamp connections; 
numerous short filaments of hyphae projecting from the mantle 
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the root than m the mantle No trace of the digestion’^ of the 
mtracelhilar hyphae could be found The root cells iii the coitical 
tissue contained minute graniilai bodies similar to those described 
by Alasui, who expiessed the opinion that these granules aie com- 


Figure 4 — Mveorrhizae on Norway spruce, formed in s\nthesis with Tricholoma personatum (aspar- 
agine senes) 

fjosed of a tannic substance Melin describes essentially the same 
condition in mycorrhizae of Pinus sylvestns, but thinks that the 

S ranular bodies are secreted by the fungus. Masui found them, 
owever, in normal, unmfected roots 
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height growth, size of leaf, or similar characters which usually vary 
widely, a large number of seedlings must be used in order fo escape 
eiiors due to random samplmg and to offset the inherent differences 
present in certain species of trees Furthermore, there must be as 
much infection on the roots of these seedlmgs as occurs in nature; 
the formation of mycorrhizae on 5 or 10 per cent of the rootlets of 
a seedling does not simulate natural conditions Moreover, when 
seedlmgs die it must be known without doubt whether death was 
caused by the formation of mycorrhizae or other factors 

Although there is but little definite proof, there are excellent 
indications as to the influence of mycorrhizae on seedling development 
There are indications, for example, that the fungus prepares complex 
mtrogenous compounds for absorption by the plant In an analysis 
of seedlings having peptone (an organic nitrogenous compound) as a 
source of nitrogen, Melm found that seedlings with mycorrhizae 
contamed 8 per cent more nitrogen at the end of three years than 
iinmfected seedlmgs m similar cultures Just how this "transfer of 
nitrogen is effected has not yet been determined According to 
Hesselnian (7), the detritus m a conifer forest (that is, in the ^'raw 
humus type) decomposes very slowly, with the liberation of ammonia 
from the organic compounds ^ Very little is known of the chemical 
composition of humus, and it is difficult to discuss a reaction of this 
sort without accurate knowledge of the orgamc compounds present 
m humus At ail events, it is generally conceded that very little 
ammoma is produced in raw humus and that most of the ammonia 
which IS produced is captured by the various microorgamsms present. 
Melin states that in raw humus soils the nitrogen content is low in 
proportion to the carbon and for this reason the microorgamsms can 
compete with the higher plants for nitrogen He considers that 
mycorrhizae act as absorbing oigans for the tree and thus enable 
the tree to obtain nitrogen m spite of the competition by the micro- 
organisms Frank (5), Hesselman (5), and Von Tubeuf (SI) also 
assert that mycorrhizae aid the tree in absorbing organic nitrogen. 

The experiments described m this paper suggest that seedlings 
without mycorrhizae have difficulty m obtainmg mtrogen when it is 
present only in some complex orgamc compound These experi- 
ments, however, do not prove that the presence of mycorrhizae 
enables seedlings to obtain nitrogen from such compounds. Cultures 
lasting for two or three years may modify this statement 

Melin, Stahl, and Eexhausen reported that inorgamc compounds 
were absorbed equally well by infected and uninfected roots. Stahl 
and several other investigators have emphasized the importance of 
the fungous sheath in facilitating the passage of water into the root 
As a matter of fact, Stahl considered that the formation of mycorrhizae 
represented an ecological adaptation to soil conditions. 

Melin has shown that neither seedlings without mycorrhizae nor 
those with mycorrhizae can assimilate free nitrogen from the atmos- 
phere. These results are at variance with those of P, E. Muller, who 
held that his own experiments with Pmus mdicated the 

ability of the tree to assimilate nitrogen from the air if the tree had 
mycorrhizae on its roots 

The fungi certainly benefit by association with the roots of seed- 
lings Hansteen-Cranner {6) states that the roots of higher plants 
excrete various substances, and other mvestigators have found that 
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gave these mvcoirhizae a hairy appearance The root was pene- 
trated intercellularly bv mycelium as far as the central cylmdei, 
and in a few instances invceliiim was found in the cential legioii 
of the root 

With one exception, the iiiycorrhizae lormed on northein white 
pine bv these four species of fungi were veiy siniilai to the coi- 
lespondmg mycorrhizae on Norway spruce, and require no separate 
description \'Fig 6, A and B ) ^Tncholoma personatum, however, 
formed mycorrhizae wnth hairy mantles rather than the smooth 
mantles characteristic of the mj'corrhizae which it produced on 
spruce The bulbous tip of the spruce mycorrhizae also was less 
evident in the pine mycorrhizae formed by T peisonatum On 
white pine the mycorrhizal mantles developed by all of these fungi 
were thinner and less compact than those formed on spruce, the 



Figure 6 — A, Early stages of m-scorrhiza formation on white pme, in synthesis with Xi/copm/oTi 
gemmatum (nitrate series), B, mycorrhizae on white pine, formed in synthesis with Tncholoma 
personatum (nitiate senes) 


roots, however, were penetrated by the mycelium just as far in the 
pme as in the spruce 

DISCUSSION 

Despite the numerous investigations which have been made there 
is very little known about the exact way in which mycorrhizae aid 
or harm the associated higher plants Expermiental evidence of 
unquestionable character is exceedingly sparse Much evidence 
which might be acceptable because of accurate and cai^eful methods 
must be taken with reservation because of insufficient data, con- 
clusions of considerable importance have been based on experimenta- 
tion with a very small number of seedlings, and m a few instances 
pages have been written on the results obtained with only one 
seedling. Especially when conclusions concerning the physiological 
sigaihcmnce of mycorrhizae are based on measurement of seedling 
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them with most of their mineral food substances If mycorihizae do 
not aid the tiee in securing these substances, they at least do not 
appear to hinder the tree m obtaining them unaided 

As evidence of parasitism one may cite the cessation of growth m 
length of the inlected roots and their apparent death after a few 
months But if this argument is advanced, one must also be pre- 
pared to explain how it is that mycorrhizae can be so prevalent and 



Figure 7 —Mycorrhizae on roots of 4-> ear-old white pme seedling from a forest nursery 


yet not visibly injure the plants No experimental evidence so far 
advanced proves beyond doubt that the presence of mycorrhizae is 
detrimental to trees or seedlings. On the contrary there is consider- 
able experimental and circumstantial evidence to show that the 
formation of mycorrhizae either is not harmful to the trees, is bene- 
ficial to the trees, or is even necessary to the vigorous growth of the 
plants. The '^balance of benefit” theory may not always hold, for 
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tlie growth of fungi is accelerated when the fungi arc in contact with 
the "root< of plants piesuinably ])ossessing such cxcuetions Accord- 
ing to Baithel (f), Wilson found that the development of many 
species of bactena is stimulated when they are supplied with root 
excretions Melin discovered that the dry weight of fungous myce- 
lium was from 40 to 56 times greater when grown m contact with 
seeds or seedlings than when grown alone Another possibility, hith- 
erto unconsidered and as yet unproved, is that the fungi utilize the 
large amount of organic material which is liberated from the root 
caps of plants by abrasion It is not necessary for the fungus to pene- 
trate the root to secure this material After entering the root, the 
fungus undoubtedly obtains carbohydrates, especially glucose, and 
many other substances from the higher plant Masui found that 
fungi obtain ammo acids, carbohydrates, nitrates, phosphorus, potas- 
sium, ammonia, and tannin from the roots Peklo also thought that 
fungi might obtain tannin from the roots, whereas Melin declares 
that the mycorrhizal fungi do not obtain tannin from the roots and 
are unable to use tannin The expenments described in this paper in- 
dicate that the development of certain mycorrhizal fungi is acceler- 
ated by adding to their nutrient media tannic substances extracted 
from cork 

Irrespective of the precise manner in which the fungi or seedhngs 
individually are aided or harmed by their mutual association, the gen- 
eral effect of the mycorrhizal association is of great importance Par- 
ticularly is this true with seedlmgs m forest nurseries Kessell (11) 
reports the failui'e of a number of nurseries recently started m Aus- 
tralia on new soil The seedlings m these nurseries germinated but 
soon turned yellow and were stunted in growth after reaching a 
height of about 3 inches Experiments made to determine the cause 
of these failures failed to demonstrate that season of sowing, water- 
ing, shading, commercial fertilizers, pathological conditions, or hydro- 
gen-ion concentration of the soil was responsible for the poor health 
of these seedlings At this pomt a quantity of soil from an old nurs- 
ery was dressed into the topsoil of the new nursery After this the 
seedlings developed normally The same results were obtained by 
planting seedlings from an old nursery among the seed beds on the 
new area. Kessell believes that the absence of the proper fungi to 
form mycorrhizae is the factor chiefly responsible for the failure of 
the sovungs in the newly estabhshed nurseries Kelley (10) reports 
a strikingly similar condition in a nursery estabhshed on new soil m 
Pennsylvania The widespread occurrence of mycorrhizae on the 
roots of nursery seedlings has been noted generally In three nurseries 
the present writer has found abundant mycorrhizae on the roots of 
practically all seedlings examined (Fig 7 ) In view of the abun- 
dance of mycorrhizae it may be pertinent to inquire if a ‘^norniaP’ 
seedling can possibly be one without mycorrhizae*!^ 

It IS the writer’s opimon that the presence of mycorrhizae is bene- 
ficial to seedlmgs and probably also to trees in most instances Al- 
though only a part of the total root system of a large tree is in the 
upper layer of soil where mycorrhizae are found, most of the small 
roots are in this upper stratum, and m this horizon are also many of 
the nutrient substances essential to plant life. Many species of trees 
undoubtedly rely on the roots inhabiting this shallow layer to supply 



Feb 15, 1S32 


Relation of MycorrMzae to Conifer Seedlmgs 


315 


LITERATURE CITED 

fl} B\rthel, C 

1923 A REVIEW OF THE PRESENT PROBLEMS AND METHODS OF AGRICTJL- 
TURIL BACTERIOLOGY, SOME IMPRESSIONS GAINED FROM A 
TOUR OF STUDY MADE IN 1922 WITH THE SUPPORT OF THE KNUT 
AND ALICE WALLENBERG FOUNDATION 1 16 p , lllus Stockholm 

( 2 ^< Bernard, N 

1909 l’evolution dans la symbiose les orchidiSes et leurs 
CHAMPIGNONS COMMENSAUX Anil Sci Nat , Bot (9) 9 1-196. 

(3) Frank, A B 

1S85 ueber die auf wurzelsymbiose beruhende ernahrung gewis- 

SER BAUME DURCH UNTERIRDISCHE PILZE Bcr Deut Bot 

Gesell 3 128-145, illus 

(4) Fuchs, J 

1911 ueber die beziehungen von agaricineen und anderen humus- 

BEWOHNENDEN PILZEN ZUR MYCORRHIZENBILDUNG DER WALD- 

baume 32 p , lllus Stuttgart (Bibliotheca Botanica Heft 76 ) 

(5) Gl^mme, H 

1928 PRELIMINARY SOIL INVESTIGATIONS IN THE FOREST TRACTS OP EAST 
NORWAY AND THE TRONDELAG DISTRICTS Meddel Norkse 

Skogfoi&oksv Nr 10, Bd 3, Heft, 216 p , illus [In Nor- 
wegian Siimmai y in English, p [196]-216 ] 

(6) Hansteen-Cranner, B 

1922 ZUR biochemie und physiologie der grenzschichten lebender 
pflanzenzellen Meld Norges Landbr Hpiskole 2 1-160, 
lllus 

(7) Hesselman, H 

1917 STUDIER over SALPETERBILDNINGEN I NATURLIGA JORDMANBR OCH 
DESS BETYDELSE I VAXTEKOLOGISKT AVSSEENDE SkogSVErds- 

for Tidskr 15 [321]-446, illus 

(8) 

1927 STUDIEN uber die entwicklung der NADELBAUM-PFLANZE IN 
ROHHUMUS I DIE BEDEUTUNG DER STICKSTOPFMOBILISIERUNG 
IN DER ROHHUMUSDECKE FUR DIB ERSTE ENTWICKLUNG DER 
KiEFERN- UND FiCHTENPPLANZE Meddel Stateiis Skogfor- 
soksanst [Sweden] 23 [337]-432, illus [In Sw^edish Resume 
in German, p 412-432 ] 

(9) Kamienski, F 

1881 DIE vbgatationsorgake der monotropa hypopitys l Bot 
Ztg 39 457-461 

(10) Kelley, A P 

1930 MYCORRHIZAL studies I MYCORRHIZA of MONT ALTO NURSERl 

stock Jour Foiestry 28 34-41, illus 

(11) Kessell, S L 

1927 soil organisms the dependence of certain pine species 
on a biological soil factor Empire Forestrv Jour [London] 
6 70-74, lllus 

(12) Lohman, M L 

1926 OCCURRENCE OF MYCORRHIZA IN IOWA FOREST PLANTS lowa 
Univ Studies Nat Hist (n s 116) 11 (10) 33-58, illus 

(13) McArdle, R E 

1931 DETERMINING THE IDENTITY OP MYCORRHIZA-FORMING FUNGI 

Mich Acad Sci , Arts, and Letters 13 159-164 

(14) McDougall, W B 

1914 on the mycorhizas of forest TREES Amer Jour Bot 1 51-74, 
lllus 

(15) Masui, K 

1926 A study of the MYCORRHIZA op ABIES FIRMA, S ET Z , WITH 

SPECIAL REFERENCE TO ITS MYCORRHIZAL FUNGUS, CANTHAREL- 

Lus FLOccusus scHW Mem Col Sci , Kyoto Imp Univ. 
(Ser B) 2 * 15-84, illus 

(16) 

1927 A STUDY op THE ECTOTROPHIC MY'CORRHIZAE OP WOODY PLANTS. 

[131] p , lllus Kyoto, Japan 



314 


Vul 4t, Xo 1 


Joiimal qf Agucnlin ml Reseat ch 


it seems illogical to attribute to a fungus oidinanly harmless the 
death of a seedling or tree that is dying for want of the proper food 
substances The death of sicldy seedlings has been reported as 
being due chiefly to limgous activity, but it was not stated that 
mycorrhizae actually were formed, and unless mycorrhizae were 
formed it is difficult to see how the presence of mycorrhizae could 
result in the death of the seedlings 

Finally the writer wishes agam to emphasize the importance of 
basing conclusions on samples sufficiently large K large number of 
seedlings must be used in these syntheses m order to eliminate exper- 
imental error and to ofliset the inherent differences present in certain 
species of trees. Furtheimore, mycorrhizae must be present in abun- 
dance The wziter believes that large samples can be used if pots, 
instead of flasks, are emploved for the cultures 

SUMMARY 

Results of a field study of mycorrhizae made in several plantations 
of conifers include the seasonal occurrence of mycoirhizae, the various 
types found, the pH values for sod and humus, and a microscopic 
examination of a very large number of mycorrhizae ^ 

By means of a technic devised for successfully forming mycorrhizae 
on the roots of seedlmgs grown under controlled conditions, such 
formations have been brought about repeatedly on the roots of 
northern wRite pine and Norway spruce seedlmgs in syntheses with 
Tricholoma personatum, Lycoperdon geynmatum, Chiocybe nvulosa var 
angustifohaf and C diatreta, and these fungi have been definitely 
established as mycoiThiza formers Further, eight other species are 
suspected of forming mycorrhizae on northern white pine and Norway 
spruce. 

Mycori'hizae have been formed m cultures where nitrogen was 
supplied by inorganic compounds (mtrates) and in cultures where 
mtrogen was supplied m orgamc compounds (asparagine, uric acid, 
glycine, and peptone). Mycorrhizae also have been formed in 
cultures wheie no mtrogen was mcluded in the nutrient solution 

A small amount of evidence was obtained to show that nitrogen is 
readily assimilated by seedlings without mycorrhizae if the nitrogen 
is present in inorgamc compounds, but that when the mtrogen is 
present only in organic compounds, especially complex proteins, the 
seedlings exhibit signs of mtrogen starvation The presence of 
mycorrhizae did nothing to alleviate this apparent starvation. 
Indeed, no conclusive proof was obtained to show that the presence 
of mycorrhizae on the roots of seedlings is either helpful or harmful 
to the seedlings 

The formation of mycorrhizae depends on the contact of the right 
species of fungous mycelium with a growing root tip No penetration 
of fungous hyphae was found in older roots. Elongation of a rootlet 
ceased upon formation of a fungous mantle around its tip. The fungus 
appeared to be immediately stimulated by contact with, the root tip. 

Attempts to form mycorrhizae with species of Penicilhum, Ehizopus, 
and Mucor were unsuccessful 

Information was obtained concermng the nutrient and temperature 
requirements of several fungi which form mycorrhizae. 

Fungi held for more than a year m artificial culture did not lose 
their ability to form mycorrhizae rapidly and in large numbers. 



Black Scorch of the Date Palm 


PLATE 1 



Left, photomicrographs, X approiimately200, right, tracings of photomicrographs show- 
ing 0 , Mieroconidiophore with endogenous hyaline conidia, 6, macrocomdiophores 
with fuscous macroeonidia, c, macroconidium germinating, d, mieroconidium germi- 
nating, e, anastomosing hyphae, X approximately 400 
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CHROMOSOMES IN GRASS SORGHUMS ’ 

By A E Longley 

Ac-ntiatc Buliintsl, Division ot Genelta ami Biophysic'., Bwcauof Plant Indubti ij, 
UniieJ States Depaitment of Aqncultuie 

INTRODUCTION 

Studies hare been undertaken by several investigators to determine 
whether variations m chromosome number or abnormalities in chromo- 
some behavior during reduction phases are associated with taxonomic 
differences j unusual genetic behavior, or unexpected results in plant- 
breeding experiments 

The present stiidj" of chromosome number in grass sorghums was 
suggested b^’ the tact that perenmal teosmte has twice as many 
chromosomes as the annual form and its close relative, corn (Zea 
L It seemed of interest to examine the chromosome number 
in annual and perennial sorghums, smce there are, foi example, two 
species, Sorghum Budanensis (Piper) Stapf and halepensis (L ) 
Pers , that are hardly distinguishable except that the former is an 
annual and the latter produces rhizomes and behaves as a perennial 
This condition is almost a duplicate of that found m annual and peren- 
nial teosinte (Euchlaena rnexicana Schrad and E perennis Hitchc ) 
It seemed possible that a chromosome study of these two and other 
sorghums might show a diffeience similar to that found in teosinte 

Plants of 10 different sorghum species were giown in the green- 
houses at Washington ^ The cytological preparations were made from 
fresh material stained with iron-aceto-carmme solution The pollen 
mother cells weie collected while undergoing the reduction division 
phases One species. S' versicolor Anderss , was also studied after 
the anthers were killed, embedded, sectioned, and stained with Haiden- 
hain^s haematoxydm 

JOHNSON GRASS 

Soigh UJ/i halepeiisis (Johnson grass) sends off rhizomes li oin 1 ho ci ow n 
which live over wuuter and start up as new plants the folio wuna spring 
This species has 20 bivalent chromosomes wdiich aie favorably clis- 
tiibuted for countmg in the prophase of the fii*st i eduction division 
Figure 1, D, show’-s clearly the 20 paired chromosomes of S halepevsis 
Prophases of the two daughter cells of S halepensis showing 20 chro- 
mosomes in each cell are illustrated in Figure 1, E 

ANNUAL SORGHUMS 

Seven species of sorghum that do not put out rhizomes fiom the 
cmwn and normally live only one season were found to have 10 
bivalent chi'omosomes in piophases of the first division of the pollen 
mother cells 


1 Received for publication July 28, 1931, issued April, 1932 
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and cooperated m the work as it progressed 
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Black Scorch of the Date Palm 


Plate 2 



A, Photomicrograpli of hypha. in parenchyma of petiole, X approximately 320, B, tracing from 
a photomicrograph of transverse section of petiole, showing hyphae in traehael tubes and in 
parenchyma, X approximately 160 
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of this species Material from this species was unusually favorable 
material for chromosome study, the chromosomes are large, the Clum- 
ber small, and many of the second-division spindles showed the five 
/'V-shaped chromosomes going to the poles in an almost stereotyped 
manner 



The haploid chromosome number of Sorghum purpureo-sencewm 
was found to be 20, as seen in diakmesis of the pollen mother cells 
Figure 2, H, shows a typical first-division metaphase m which 20 
chromosomes can be readily counted This annual lepiesentativc 
of the genus Sorghum is an exception to the usual chromosome (umdi- 
tion in this genus, m which, with this exception, all annual forms were 
found to have 10 or less as then haploid chromosome number 

111164-^32 3 
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Sotghuin sudanensis^ the Sudan grass of commerce, is an annual 
and has only 10 chromosomes, in contrast to the 20 found m the very 
similar perennial Johnson grass Three i eduction phases of S sudaii- 
eiisis are shoyui in Figuie 1, A-C The chromosomes of six other 
annuals are shown in Figure 2 A, B, and C show first-division meta- 
phase, anaphase, and early telophase, respectively, of S verticilli-- 
jlorum (Steud ) Stapf , a wild grass sorghum yeiy common in South 
Africa, where it is known as Tabucki grass This species also has 
the haploid chromosome number 10 

Characteristic spindles of the first-division late metaphase and ana- 
phase of Sorghum mrgatum are shown in Figure 2, D and E The 
10 chromosomes divide almost simultaneously and the halves move 



Fkiube 1 —Chromosomes m pollen, mother cells of Sorghum sudanensts and S halepensis, X 1,500 
A, B, and C, Dlakinesis, first-division anaphase and second-divnsion anaphase, respectiveh , in 
sudanensis, D and E, diakinesis and second-division prophase, respectively, in halepeum 


regularly to the two poles Figure 2, F, shows the 10 bivalent chromo- 
somes of S drummondk at a time when rather characteristic differ- 
ences are apparent G is a later phase, showing a side view of the 
1 0 chromosomes as they divide I and J show the 10 bivalent chromo- 
somes of S hemsonn and S arundinaceum, respectively A second- 
division metaphase of S arundinaceum is illustrated m K An end 
view of the chromosomes of both cells is shown More frequently 
the preparations show the two spindles at right angles, a position 
that is not so favorable for determinmg the number of chromosomes 
in the two daughter cells 

An eighth annual sorghum species, Sorghum versicolor j a short-lived 
annual coming from southeastern Africa, was found to have five as its 
haploid chromosome number Figure 3, A~F, shows six characteristic 
phases in the reduction divisions of the developmg pollen mother cells 
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INTRODUCTION 

Studies have been undertaken by several investigators to determine 
whether variations in chiomosome number or abnormalities in chromo- 
some behavior during reduction phases are associated with taxonomic 
differences, imussual genetic behavioi, or unexpected results in plant- 
breeding experiments 

The present study of chromosome number in grass sorghums was 
suggested by the fact that peienmal teosinte has twice as many 
chromosomes as the annual form and its close relative, coin (Zca 
maijis L jv It seemed of interest to examine the chromosome number 
m annual and perennial sorghums, since there are, foi example, two 
species, Sorghum budanetmirS (Piper) Stapf and S' hahpemiH (L ) 
Pers , that are hardly distmgiiishable except that the former is an 
annual and the latter produces ihizomes and behaves as a perennial 
This condition is almost a duplicate of that found in annual and peren- 
nial teosinte {EuchJatna mejilmna Schrad and E perenms Hitchc ) 
It seemed possible that a chromosome study of these two and other 
sorghums might show a difference similar to that found in teosinte 

Plants of 10 different sorghum species were grown in the gieen- 
houses at Washington ^ The cytological preparations were made from 
fresh material stamed with iron-aceto-carmine solution. The pollen 
mother cells were collected while undergoing the reduction division 
phases One species, S versicolor Anderss , was also studied after 
the anthers were killed, embedded, sectioned, and stained with Haiden- 
ham s haematoxvim 

JOHNSON GRASS 

Sortjh urn, lialept ns'w (^pTohnson grass) sends off rhizomes from the n 

\\hich live over winter and stait up as new plants the following spring 
This species has 20 bivalent chromosomes which aie favoiably dis- 
tributed for counting in the prophase of the first reduction division 
Figure 1, D, shows clearly the 20 paired chromosomes of S halepeio^h^ 
Prophases of the two daughter cells of S halepensis showing 20 chro- 
mosomes m each cell are illustrated m Figure 1 , E 

ANNUAL SORGHUMS 

Seven species of sorghum that do not put out rhizomes fioni the 
croTO and normalh^ live only one season were found to have 10 
bivalent chi’omosomes in prophases of the fimt division of the pollen 
mother cells 


1 Received for publicanon Ju]\ 2S, 1931, issued April, 1932 

2 Lon'gley, A E CHROMOSOMES IN A VD MUZE EEL \Ti\ES Jour Agr Researcb 28 673-682, 

illus 1924 

^ n N Vinall, of the Division of Forage Crops and Diseases, supplied the seed of the sorghums studied 
and cooperated in the Mork as it progressed 
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B'ack SLO^c^ of the Date Palm 


Plate 2 



A, Photomicrograph of hypha in parenchyma of petiole, X approximately 320, B, tracing from 
a photomicrograph of transverse section of petiole, showing hyphae in trachael tubes and m 
parenchyma, X approximately 160 
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of this species Material Irom this species was omisuallv favorable 
material for chromosome study, the chromosomes are large, the num- 
bei small, and many of the second-division spindles showed the five 
V-shaped chromosomes going to the poles m an almost stereotyped 
manner 



Figitrf 2 —Chromosomes m pollen mother cells of sorghums, X 1,500 A, B, and C,firat-di vision 
phases in Sorgh ii m t erticilli floru m, D and F , first-div ision metaphase and anaphase m 5 r^gatu m 
(Hack) Stapf , F and G, diakmesis and first-division metaphase m is’ drnmmondu Xees H, 
first -dn ision metaphase in S purpur€o-&€nceum (Hachst ) Aschers and ^chw einf , I, first-div ision 
metaphase in S kemsonn, J, first-division metaphase in S aTundinaceum (Vilid ) Stapf K, 
second-dms’on metaphnse m S amndmaceum 

The haploid chromosome number of Sorghum purpureo-sericeum 
was found to be 20, as seen in diakinesis of the pollen mother cells 
Figure 2, H, shows a typical first-division metaphase in which 20 
chromosomes can be readily counted This annual representative 
of the genus Sorghum is an exception to the usual chromosome condi- 
tion in this genus, m which, with this exception, all annual forms were 
found to have 10 or less as then haploid chromosome number 

illKH— 32 3 
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S^Nijhuif( tlie Sudan grass ot commerce, is an annual 

and ha*-, only 10 chromosomes, m contrast to the 20 found in the rery 
similar perenma] Johnson grass Three leduction phases of S sudan- 
are shown in Figiiie 1, A-C The chromosomes of six other 
annuals are sho^m m Figure 2 A, B, and C show first-division meta- 
phase, anaphase, and early telophase, respectively, of S verhcillt- 
dotuin uSteud i Stapf , a vuld grass soighum very common m South 
Afiica, wheie it is known as Tabucki grass This species also has 
the haploid chromosome number 10 

Characteristic spmdles of the first-di\'ision late metaphase and ana- 
phase of Sotqhum argatum are shown m Figuie 2, D and E The 
10 chromosomes divide almost simultaneously and the halves move 



regularly to the twm poles Figure 2, F, show's the 10 bivalent chromo- 
somes of S dmnunondii at a time when rather characteristic differ- 
ences are apparent G is a later phase, showing a side view of the 
1 0 chiomosomes as they divide. I and J show the 10 bivalent chromo- 
somes of S hemsonii and S arundinaceum, respectively A second- 
division metaphase of S arundinaceum is illustrated m K An end 
new of the chromosomes of both cells is shown More fiequently 
the preparations show' the twn spindles at right angles, a position 
that IS not so favorable for determining the number of chromosomes 
in the two daughter cells 

An eighth annual sorghum species, Sorghum versicolor, a short-lived 
annual coming from southeastern Africa, w'as found to have five as its 
haploid chromosome number Figure 3, A-F, shows six characteristic 
phases in the reduction divisions of the developing pollen mother cells 
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The habit of this species is that of an annual, and the chromosome 
number is that found in most of the annual grass sorghums 

SORGHASTRUM NUTANS, CLOSELY RELATED TO SORGHUM 

Sotghastrum nutans (L ) Nash is a species that taxonoimcally is 
not far removed from the sorghums Church ^ has found 20 to be the 
reduced chromosome number of this peiennial grass, which is the 
numbei found in peiennial soighum species 

OTHER GENERA OF ANDROPOGONEAE 

Among those genera of the tribe Andropogoneae which are more dis- 
tantly related to sorghum the analogy m chromosome numbers is not 
so close In Erianthus, Bremer ^ found 30 to be the haploid chiomo- 
some number of four species Miscanthus sinensis var zehrmus Beal 
was found by Church ® to have 21 chromosomes in gametic cells 
Andropogon ischaemum L , according to Kuwada,® has 34, and A 
scoparius Michx and jurcatus Muhl have, respectively, 55/2 and 
34, according to Church, as their haploid chromosome numbers 
In the genus Saccharum the lowest chromosome number reported is 
that of S narenqa (Ham ) Wall , which Bremei gives as 15 Othei 
species and species hvbiids with chromosome niimbeis ranging from 
20 to moie than 100 have been studied by Kuwada and by Bmmer 
All plants ol these five genera aie peienmals, and the lowest chromo- 
some number found was 15, so that nothing contiadictory to the rela- 
tionship between lugh chromosome number and perennial habit is 
encountered in this group. 

Exceptions similar to that found in Sorghum purpureo-senceum 
were found in species from the more distantly i elated genera These 
exceptions are Imperata cyhndrica (Lam ) Beauv , which Bremer 
found had 10 as its haploid chromosome numbei, and Cymbopogon 
nardus (L ) Rendle, m which Kuwada found th)s same low num- 
ber Both of these species are perennial, and unless there exist re- 
lated annual species with five chromosomes, the lelationship found 
between high chromosome numbei and the perennial character is 
not a rule that applies to all genera of the tribe Andropogoneae 

The association between low chromosome number and the annual 
habit finds but one exception among the sorghum species and ,only 
a lew exceptions in the closer relatives that have been examined 
cytologically The chiomosome condition is identical with that 
found in Euchlaena and its lelatives, in which the peiennial species 
has double the chiomosome numbei of the annual foim. 

CONCLUSION 

If the chromosomes of the perennial sorghums represent a duplica- 
tion of the chromosome set found in annual forms, as seems to be the 
case in peiennial teosinte, it indicates that the perennial plants have 
been derived from annual ancestors having 10 chromosomes Whether 
this be the case or not, chromosome number is a character that should 
be of considerable value in the classification of the sorghums. 


6 ClIUIiCH, (t L MEIOTIC VHENOMEW. in CtRTVlN ('iRVMINEVE, II PVNICEVE VND VNDROPOGONE IE 
Bol G.17 88 63-81, illus 1926 

7 Bremeu, G the cTtroEOGV OF THE bUGVKt VNE Genotica 7 [293] -322, lllu*? 1925 

8 C’FIUIltTI, G Tj Op C't 

» Kuwvdv, Y Op cit (See footnote!, second citation ) 
i^BuEMMi, G Op eit 

Kuwum, Y Op fit (Sec footnote 4, becoml citation ) 
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DISCUSSION 

THE GENUS SORGHUM 

The oiitstancliiig result ot this determination of chromosome nmn- 
beis in a few repiesentative grass sorghums is that the poionmal 
Johnson glass has double the number of chromosomes found in the 
annuals This difference between Johnson glass and Sudan grass in 
chiomosoine number was also found m other annual sojghum species 
available ioi study In all but twm a haploid chiomosome number of 
10 w^as found in the annual forms and double this number in the 
perennial form The two exceptions are Sorghum purpureo-^enceum ^ 
which has 20 chromosomes, and S Dermcolor, which has only five 



J? IGURE 3 —Du ision phases in pollen mother uells of Soiqhum m m olm V, DjiiKmo 
firht ciu isinn metaphases, early Ute, D, firht-du ision anaphase, M, second'd 
phase, F, secoiid-Uivision anaphase (V, B, and 0, X l.’OO, D, R, iind F, x 1,000) 


iijuMHOSis, It and r, 

■‘division mol a 


It is piobably a coincidence that the deciease m chromosome mimlicr 
IS usually found associated with a reduction m life span S rerKicolor 
is a shorter-lived annual than any of the forms with 10 or more chro- 
mosomes 

Kuw^ada^ w^as the first to study the chromosomes m soighum 
He found that S vulgare Pers has 10 as its reduced number Marchal ^ 
found the same number for this species, and the writer found no devi- 
ation from this number in any of the following varieties Blackhull 
kafir, Dwarf Shantung kaoliang, feterita. Sumac sorgo, White kaoli- 
ang, Black Amber sorgo, Dwarf Yellow milo, and Dwarf White milo 

l^^KuwvnvY CBER DIE CHR0M0S0MENZ\Ht VON /.E\ MWS L Bot Mftg [Tokyo] 29 83-80, lllus 


die 

p , dlus 1919 
S M VRCHA.L, R 
VfeGETALE lOS 


CHB0M0S0ME^iVHL^0NiE^.MUsL Jour Col Sei , Imp Univ Tokyo 10, 14 S 
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THE GROWTH CURVE IN BARLEY^ 


By Merritt N Pope 2 

Agronomist j Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agncultuie 

INTRODUCTION 

When an investigation of the catalase activity in relation to the 
growth ol barley was initiated it was found to involve a comprehensive 
study of the growth curve of the plant The results of the growth 
studies proved to be of sufficient interest to warrant a separate paper 
on this aspect of the original problem A second paper deals specifi- 
cally with catalase activity m relation to the growth curve { 17 ) ^ 

MATERIAL AND METHODS 

Plants on which growth measurements were taken were grown at the 
Arlington Experiment Farm, Rosslyn, Va Two varieties of barley 
were sown Hannchen, C I No 531, a 2-rowed spring type that 
stools abundantly, and Tennessee Winter, C I. No 3546, a 6-rowed 
variety that stools less freely One plot of each variety was sown on 
March 14, 1928 The soil m these plots was fairly good but was 
subject to considerable erosion 

Daily samplings for growth measurements were begun with Hann- 
chen on March 28 and with Tennessee Winter on March 30 and were 
continued to June 4 After this date the interval between samplings 
was lengthened to two or more days because of the shortage of suit- 
able material At the beginning the daily samples, consisting of 20 
plants, were all taken from one end of the plot, workmg toward the 
other end on succeeding days The plots soon showed considerable 
variability, so the most nearly umform part of each plot was divided 
transversely into six parts of approximately equal area, and the same 
number of plants weie taken, as they came, from each division to make 
up the daily samples On April 17 variability was further reduced by 
thinning the plants 2 to 3 inches apart in the drill row and by rejecting 
abnormally small ones 

Since it is impossible to obtain all the roots of a field-grown barley 
plant, the present investigation was made upon that portion of the 
plant above the seed Later, when the permanent roots appeared, the 
portion of the stem above them was used The tops varied m weight 
with the niimbei of tillers per plant, so the mam-shoot measurements 
only were made the basis of this study, as the main shoots varied less 
than the entire plants The variation m the weights of individual 
plants as compared with that in the weights ol their mam shoots is 
shown in Figure 1 


1 Received foi publication July 16, 1931, issued April, 1932 This paper is adapted fiom a dissertation 
submitted to the Graduate School of the Univeisitv of Maryland in partial fulfillment of the reqmrements 
for the degree of doctoi of philosophy 

2 The wntoi acknowledges his indebtedness to Di G O Appleman, of the University of Maryland, for 
many helpful suggestions and criticisms 

Refeiencc is made by number (italic) to Literatuie Cited, p 340 
^ C I No lefeis to accession numbei of the Division of Cereal Ciops and Diseases, formeily Office of 
Ceieal Investigations 
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barley Vaiiations m amount of gi^owth from the ideal may be ex- 
pected and when piesent aie reflected in the curve of growth A 
different succession of weather changes would ptoduce a slightly dif- 
ferent curve, as is indicated by the work of Gregor}^ (5), who, m study- 
ing the effect of environment on the growth of bailey, found a high 
positive correlation between day temperature and both net assimila- 
tion rate and efficiency index, and a significantly positive correlation 
between day tempera- 
tuie and relative leaf 
growth The correla- 
tion between night 
temperature and these 
three indicators of 
growth was sigmfi- 
cantly negative in each 
case Kelative leaf 
growth w^as highly and 
negatively correlated 
with radiation, and effi- 
ciency index was inde- 
pendent of radiation 
Total height, or the 
length from crown to 
farthest leaf-tip exten- 
sion, indicates fairly 
well the growth stage 
V of a plant As a meas- 
ure of growth it IS, 
however, subject to 
certain sources of er- 
ror The leaves of a 
grass are alternate, 
and growth occurs in 
the basal region of the 
leaf Each leaf has 
its own grand period 
of growth, and there- 
fore the grand period 
of growth, as indicated 
by the curve of the 
height of the plant, 
varies with the growung activity of the leaf extending the great- 
est distance distally from the ciown The younger leaf will be past 
its early slow-growing stage when it pushes out beyond the tip of the 
next older leaf which has just about finished its period of lapid growth 
If the height of a single plant is measured at intervals short enough, 
such as are shown in Figure 2, the curve of growth will show a succes- 
sion of accelerations corresponding to the appearance of the tip of 
young, actively growing leaves This error is greatly; reduced by 
averaging the measurements of a plant population which varies in 
number and stage of growing leaves It is clearly present, however, 
in the height-growth curves at about the time of endosperm exhaustion. 
At this time the seedlings were very neaily in the same stage, the first 
leaf nearly at maximum length and the second leaf, while actively 
growing, needing several days^ growth to equal the first m length. 



/O so 40 so eo TO so so /OO //O /so /SC 
/loys /^JSo/4 Pi^/zr/MO' 

Figure 2 -Length-growth curve of plant No 50, Arlington green- 
house, 1930, shoTMUg measurements of each suceessiv e leaf from its 
appearance until elongation ceased 
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The plants ^\ole ting oi inilled, wrapped lu moist cheoseclotli, and 
taken to the laboratoiy The main shoots were then removed, 
placed again in moist (‘hcesecloth, and kept theio until they were 
nieasined and weighed Abnoimallv small plants without vigorous 
tillers w-ere discarded The length in centimeters of the main shoot 
from seed or crowai to the extrenie leaf tip and the green weight, of the 
mam shoot were determined for each plant While the plants were 
small, representative shoots were bulked and dried to constant 
w^eight in a vacuum oven at 80"^ C The average dry w^eight per plant 
wms then calculated from the average green w^eight As the plants 
became larger all the mam shoots m a day’s sample w^ere clipped into 
approximately ^^mch pieces and mixed thoroughly Determinations 



of dry matter w^ere made on duplicate 5-g.® samples, or even on 
10-g^ samples -when the plants became still larger 
By the eighty-fifth day most of the kernels had started to develop 
Beginning on tins day separate measurements of both length and weight 
W’-ere made on the culm and the spike These measurements made 
possible a study of the growth of the shoot exclusive of the kernels 
Notes weie also taken on the condition of reserve foods in seed endo- 
speim, leaf stage, presence and stage of development of seminal and 
permanent roots, presence of tillers, appearance of boot leaf, emer- 
gence and length of awms, emergence of spike, color and dehiscence of 
anthers, age of developing kernel, browning of awn tips, browning of 
gi limes, and cessation of tianslocation m the kernels as shown by 
degree of drying 

FACTORS AFFECTING RELIABILITY OF THE DATA 

An ideal experiment on growTh w^ould be one conducted under tem- 
perature and moisture conditions exactly optimum at all times This 
study was made upon plants giown under conditions of about normal 
temperature and slightly subnormal but sufficient rainfall On the 
whole the clmiatic conditions were rather favorable for spring-sown 


5 g IS the abbreviation recently adopted by the Gov eminent Printing Office foi giains 
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Fir, I RE 3 —Mean daily temperature (in ® F ) from March 1 to Tuh 8, 192S, at the Arlington Experi- 
ment Farm, Rosslyn, Va 


Table 1 — Summaiy of iveathei conditions fiom March 1 to July 9, 1928, at 

Washington, D C 


Item 


Dates of killing frosts | 

Accumulated excess (-f-) or deficiency (— ) in tem- 
perature since first day of month ° F.. 

Exeess (-h) or deficiency (-) in precipitation this 

month as compared with normal inches-. 

Accumulated excess (-f) or deficiency (— ) since 

Jan 1 inches.. 

Mean percentage of relatu e humidity 

8 a m 

Local noon 

Sp m 

Xormal percentage of lelatn e humidity 

Sa m 

Local noon 

8p m I 

IMean percentage sunshine _..i 

Normal percentage sunshine I 

Total hours possible sunshine ] 


« None 


March 

Apiil 

Afax 

Iiino 

ruh 

19,20,31 

10, 17, 18 

(«) 

(“) 

(a) 

+49 

-42 

-23 

-40 

+28 

~1 58 , 

+1 25 

+0 31 

-1 47 

j 

-1 16 

-2 82 

-1 57 

-1 26 

-2 47 

-3 63 

74 

67 

74 

79 

72 

55 

49 

51 

62 

52 

54 

54 

00 

70 

63 

68 

68 

09 

74 

ft 78 

51 

! 48 

50 

56 

ft 57 

55 

54 

58 

66 

ft 73 

60 

55 

62 

53 

85 

51 

58 

61 

62 

ft 64 

371 1 

397 4 

444 0 

446 0 

133 3 


^ For the month 


DEVELOPMENTAL STAGES OF THE BARLEY PLANT 

Morphologically there are certain definite stages in the development 
of the barley plant These stages and the plant age at which they 
occurred in this study are noted in Table 2 The placing of these 
stages m the growth curve should aid m interpreting the latter 
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Another source of erroi is the fact that neither the absolute nor the 
relative height of a plant vaiiety is constant for different environmen- 
tal conditions This was shown by Harlan (7) Abyssinian barley 
was tall at Chico, Calif , and very shoit at St Paul, Minn , Williston, 
N Dak , and Moccasin, Mont Odessa barley was tall at Williston 
and Moccasin and veiy shoi't at St Paul, and stood eighth on the list 
of 13 varieties at Chico This error, due to varietal variation, is at 
least paitially overcome by sowing the two types of barley 

The use of green weight in measuring growth also is subject to sev- 
eral errois At the stage chai acterized by rapid increase of drv mat- 
tei theie ma^" be an actual loss of v\ater, causing the green weight to 
remain approximately stationary As the plant nears matuiity the 
moisture content decreases and the green weight approaches the dry 
weight in value At this stage green weights indicate little or no 
growth, when actually that process is progressing rapidly Green 
weight during active growth also varies according to the tissue turgid- 
ity, which in turn depends on the available soil moisture and the air 
moisture Small unremoved diops of ram or dew on the plant at sam- 
pling tune also introduce erroi 

Deposition, or at least translocation, of solids in the plant continues 
until growth ceases and the plant parts die or become dormant ^ Dry 
weight is the most reliable measure of growth and is emphasized in this 
study Even this standard is not, however, free from error ^ At all 
stages of development and growth, parts of the plant are liable to 
mechanical and pathological injuries which are not always recogniz- 
able This IS especially true during the maturing phases, when the 
leaves gradually die, tliey are also leached by ram and may be broken 
off by wind The situation is still further complicated by the fact that 
fiom flowering to maturity the developing seeds (which are new plants 
parasitic on the parent) were weighed with the spike, since it was 
impracticable to separate the grain from the seed coats, the latter 
being maternal tissues which it is practically impossible to remove 
from the caryopsis An approximation of the dry weight of the shoot 
without the seeds was reached by adding to the average dry weight of 
the culm the average dry weight of the spike on the day of flowering 
This IS recognized as only an approximation but is considered rather 
close, as the growth of the maternal tissues m the spike probably is 
very nearly completed at this stage 

WEATHER CONDITIONS DURING THE GROWING PERIOD 

Mean daily tempeiatures for the period from March 1 to July 8, 
1928, computed with the aid of the planimeter from thermograph 
records, are shown m Figure 3, and amount and distribution of rainfall 
in Figure 4 A summary of the weather conditions for the same jioriod 
in Washington, 2 miles away, is given m Table 1 

The cool weather, especially m June, allowed an almost normal 
development of the plants This cool weather, together with a slight 
deficiency m rainfall, was unfavorable to such plant diseases as are 
caused by Helminthosponum and rust, which often result m serious 
injury to spring-sown grams m Virginia 
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Tvble 2 — Moi phoJogical stages of development in the haileg plant, and the plant 
age at winch these stages occiincd fd the Arlington Exjyeriment Farm, Rosshjn, 
Va , in 19^8 


of do\ t lopitient 

llanndion 

lanetv 

Tennessee Wintei 
yaiiet\ (spiing- 
sow n) 

! 

Date 1 

1 

Plant 1 
ago 

Date 

Plant 

age 

Fust iMf --- 

Mai 29 * 

' li 

JSrai 31 

DflV? 
i 17 


Api 1 

\.pi 8 

Api 10 
Api If) 
Api 17 j 
.--do 1 



27) 

Vpi 5 
\pi 7 
Api 17 
—do 

22 


27 

24 

Third leaf - 

33 

34 

Crow n well defiiied 

34 

34 

Cl own roots started -- 

34 

Tillpi s first, fipppar _ 

A.pi 22 
Api 24 
IMa^ 2 
IMay IS 

39 

Api 20 
Api 21 
May 2 
AIa\ IS 

37 

Fmirth leaf 

41 

38 

Tillers w ell de^ eloped 

49 

49 

Jointing _ _ _ 

6n 

65 

Basal lca\ es mostly dead -- - -- 

May 21 

68 

May 21 
May 30 

68 

Boot leaf showing - - - 

Maj 31 
June 2 

78 


First awns enieiging 

SO 

T une 2 

80 

Fust tloweiing 

Tune 7 

85 

June 7 

85 

Tip of boot leaf dMUff 

Tunc 17 

95 

Awns biow'n at tip 

June 19 

97 

Spikes neaily dried out 

July 2 

no 

July 2 

no 



EXPERIMENTAL DATA 

GROWTH IN LENGTH 

The length-gro^vth curves of the tw^o varieties, Tennessee Winter 
and Hannchen, are given m Figiiies 5 and 6 These curves show that 
the first leaf of the plants grew rapidl^T- m length up to April 8, when 
the endosperm was almost exhausted Growth of the crown roots was 
first evident on April 17, coincident with a second increase in rapid 
elongation It is true that this second increase followed a 3-day 
period of relatively high temperatures, but from a study of the large- 
scale graph (fig 9) of the diy weights of the two varieties, it would 
seem that temperature as a factor might be disregarded, since Hanii- 
chen showed an inflection m the curve at this time 

About April 21 there began another period of slower growth. The 
temperatures during this period were neither very high nor very low 
First tillers had appeared but had not yet developed good roots By 
April 21 the tiller loots in Hamichen vrere developing well and the 
cuive again started upward This increase, hovrever, again was 
accompanied by higher temperatures, so that here, too, it is difficult 
to determine whether the increase m growth rate was due to additional 
root tissue or to higher temperatiiies Leaf length began to taper off 
rapidly in Tennessee Winter on June 7, when first flowering occurred, 
the awui-tip length tapering off on June 17 In Hannchen flowering 
occurred on June 7, but the leaf length tapered off much more slowly, 
and the awn-tip length grew rapidly until June 17 
With both the bailey varieties used in these experiments the results 
differ from those of Van de Sande-Bakhuyzen and Alsberg {21) with 
wheat, who found an inflection of the curve of length occurring at 
flowreimg One factor contributing to this difference may be that 
wheat flow^’ers at a later stage of elongation than does barley 
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FiqIiRIi, 7 —Grow th m average green weight of mam shoot, dry w eight of 
mam shoot, and dr> weight of mam shoot, with kernels excluded, of 
spring-sow n Tennessee inter barlej from emergence to maturity 
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GROWTH IN WEIGHT 

The daily growTh m weight of Tennessee Winter is shoAvn m Figure 
7 This ciu’A'e is comparatively smooth Prior to May 2 the carves 
ol both green and dry weights had risen only slightly above the base 
line Duimg this period length-growth rate of the shoot varied Avith 
stage of development much more than did weight-growth rate 
However, a larger scale graph (hg 9) shows a tapering off in weight- 
growth rate as well as in length-growth rate coincident wnth exhaustion 
of the endosperm (second-leaf stage) Throughout this early peiiod 
there is evident a gradual increase in weight-growth late, which 
reached its maximum on May 24, shortly after jointing began 

First flo'weimg occuried on'June 7, and after this date the green and 
dry weights of culm and spike were determined separately In order 
to correct for kernel weight, the dry wreight of the spike of June 7 was 
added to the diy w^eight of the culm on each of the days followung that 
date The sum of these twm w^eights was the weight of the shoot 
This piocedure is believed to be justified, since the spike tissue, exclud- 
ing the kernels, had very nearly reached its maximum mass on June 7 
Any eiror occurring probably wmuld be on the side of less weight 

It w’lll be seen from the curve that w^hen weights of the shoots minus 
the kernels are plotted as a continuation of the shoot curve before 
June 7, no perceptible inflection occurs until June 11 This again 
hills to agree wuth the results of Van do Sande-Bakbuyzen and 
Alsberg (SI ) for the length-grow'th curve of wdieat The weight of the 
spike alone started an abrupt increase on June 7, as would be expected 
owung to the rapid increase m kernel mass The weight of the culm 
alone increased at an equally rapid rate until June 11, tapered off 
slightly on June 13, and after a drop on June 15 climbed again until 
June 19 After this date leaching by ram and leaf breakage caused 
a decided drop As w\as found by Burd (S), the total weight of the 
shoot plus kernels increased with almost no change m the direction of 
the curve to June 19 (97 days), when the awns commenced to turn 
brown at the tips From this time on the plants rapidly turned brown 
and the kernels finally dried out, being almost dry and waxy on July 2 

The growth in weight of Hannchen (fig 8) differed somewhat from 
that of Tennessee Winter In the early part of the growth period 
(up to April 7) Hannchen v as generally heavier in both gieen and dry 
weights, from April 8 to 16 it was almost the same, l)ut from April 1*8 
to maturity it was outstripped by Tennessee Winter Final green and 
diy weights -weie much smaller for Hannchen However, similar 
changes in the growth curve, as shown in Figure 9, occurred at very 
nearly the same points as in Tennessee Winter. There was an increase 
m rate of growth after May 2, when tillering became active, and a 
lurther acceleration beginning about May 22, shortly after jointing 
had been initiated 

In determining the developmental stage of the plant a rough average 
01 20 plants was used Temperature as a factor in modifying the 
curves in the period fiqm Apiil 17 to May 3 may be disregarded, since 
the inflections were initiated on different dates in the two varieties 
(fig 9) and seem to have no relation to a variation in that period of 
about 29® F in mean daily temperature In order to hook up the 
stage of deve^pment more definitely with the growth curve in this 
early period of growth, the curve of early weight growth in Hannchen 
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barley was again determined daily from 10 plant samples grown in the 
greenhouse at the Arlington farm during the winter of 1930-31 
(Fig 10 ) The ranges and vaiiations m temperature were fairly uni- 
form from day to day and may be disregarded On the eighteenth 
day tillers were first large enough to be detached and weighed 
separately. Two days later secondary subcrown roots had appeared, 
and slightly exceeded 5 mm in length. These roots became functional 
the next day. Evidently this accession of root tissue was insufficient 
to supply nutrients to both main shoot and tillers, for while the growth 
rate of the plant was maintained almost without change, the rate 
of mam-shoot growth slowed up materially until the thirty-eighth 
day, when all plants first acquired functional crown roots and their 
main shoots attained a new maximum growth rate 

Like Tennessee Winter, Hannchen (fig 8) shows no perceptible 
inflection of the weight-gro\vth curve of the shoot without the kernels 
for a number of days The shght mfiection on June 15 becomes 
marked on June 20, about 12 days after flowering. 

DISCUSSION 

A number of mvestigators ( 1, 10, 11, 15, 16, 18) have shown the ex- 
istence of correlations between portions of the growth curve and 
defimte stages m the development of the plant Some (4, 6,11, 13, 
14i 16, 19, 21) believe that the water or nutrient supply is the limiting 
factor in certain growth stages, or that competition for this materifu 
occurs between different parts of the plant 

The data herein presented indicate that lack of sufficient root 
tissue IS a factor that inhibits increase in dry weight in the barley 
plant before crown roots begin to function Anothei flattening of the 
dry-weight curve, which is even more apparent in the length curve, 
occurs at the time of rapid tiller development and is accompanied by 
enhanced growth of crown roots. The development and growth of 
the spike primordium into the full-sized flowering head is accompanied 
by a rapid elongation and increase in dry weight of the whole shoot 
Up to the beginning of this period of rapid elongation (^'jointing” or 
shooting”) the amount of absorptive tissue evidently has been a 
factor Imnting the growth of the plant At the time of most rapid 
tiller growth these young parts, growing much more actively than the 
mam shoot, may compete successfully for the nutrients The rapid 
growth of the tillers is accompanied by an increase in root growth un- 
til the tillers are nearly the size of the mam shoot, when there is suf- 
ficient root tissue to supply both. Active jointing then follows 
Another factor now enters to complicate the process In order to 
maintam an upright posture the jointing shoot must be strong enough 
not only to support its own weight but successfully to resist wind 
action and at maturity to carry a heavy load of starch-laden seeds 
This condition is met by the deposition of seemingly inactive materi- 
als, such as cellulose, hgnm, sihea, etc , in the culm This process, of 
course, rapidly takes much tissue out of the realm of active metabolism, 
thereby slowing down the rate of growth There is for some time, 
however, enough actively growmg tissue to more than counterbalance 
this loss. But barley is a plant of determinate growth. Normally 
there is no branching at the upper nodes with the exception of the mod- 
ified branches and leaves which constitute the floral organs in the 
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curve, as is shown by its regular and steep ascent As plant parts 
inatme, with the accumulation of inactive substances such as cellulose 
and ligmn, thcTc is i datively less tissue capable of growth Such 
inactive tissue is no longer ‘^principal/’ and ^'principah’ increases 
more slowly or at a late dircctl}^ propoitional to the actual amount of 
actively growing tissue If a sulRcient amount ol actively gi owing 
tissue is maintained, the gro\vth rate will continue constant Such a 
condition exists in plants of indeterminate growth, such as the tomato 
Here inciease in size continues until the production of organs, such as 
flowers and fruits, destroys the requisite nutritional balance for active 
growth of the vegetative growing point In a plant of determinate 
growth, such as barley, where branching of the shoot does not occur 
normally and the spike is produced at the apex, growth continues in 
the culm and spike until inactive materials are laid down in all parts 
in sufficient amount to hinder enlargement Growth will then stop 

In the barley kernels growth lunitation is largely due to starch con- 
gestion Such large amounts of this material are stored m the endo- 
sperm cells that mitotic division ceases, and under favorable conditions 
all the available cell space is filled with starch This has been demon- 
strated by Cobb (5) in wheat This deposition of starch in amounts 
sufficiently large to hinder cell division places a limit on the maximum 
size of the kernel. Starch deposition proceeds until prevented by 
drying out, lack of necessary materials, or the tension of the cell walls 

The slackening of top growth during root formation, as noted by 
Pearsall {16) and Priestley and Evershed {18), probably is due, in 
part at least, to the inability of available roots to absorb nutrients in 
sufficient amount to balance the photosynthetic activity possible in the 
leaves and stem 

Any disappearance of water from the plant at flowrermg, as reported 
by Van de Sande-Bakhuyzen {20), wmuld seem to be due merely to 
deposition of inactive material and consequent drying out of tissues 
that are approaclnng senescence. How^ever, Hurd-Karrer and Tay- 
loi {12, 'p 397) found in their work wuth wheat that ‘Hhe physiological 
processes involved in flowering did not exert any specific effect on their 
water content 


SUMMARY AND CONCLUSIONS 

The growth curve of the barley shoot without kernels is typically 
sigmoid, with certain slight variations from a perfectly smooth curve 
m both eaily and late stages Such a curve is a composite picture of 
the grand periods of grow^th of all the organs and also of each individual 
cell in the measured individual 

Variations in the curve of early grow^th are associated with definite 
events in the development of the plant The hypothesis that the 
structural inability of the existing roots to absorb nutrients is the 
factor inhibiting growth in length is suppoited by the fact that this 
inhibition is removed as soon as new" roots are formed and become 
functional 

Growth rate in both length and w^eight is retarded at about the tune 
first tillers are appearing and befoie their roots are established. 
When tiUer roots become functional the curve rises more sharply 

The cinwe of leaf length reaches inflection at about first flowering, 
but the curves of awn-tip length and total length of shoot reach inflec- 
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spike The flowering head is the terminus of the shoot If this 
does not pioliferate, length growth must cease and the inflection of 
the curve of avm-tip length will be the inflection of the curve of shoot 
growth 

In contrast to the findings of Van de Sande-Bakhu 3 ^zen and Als- 
berg {21) with wheat, there is in barley no major mflection 111 total 
length or m total dry weight at flowering There is, however, an 
inflection of the leaf-length curve at or shortly after flowering This 
latter, however, does not affect the height of the plant The growth 
habits of a plant must be considered in makmg such generalizations 
Both maize and wheat extrude their flower heads above the leaf tips 
befoie flowermg takes place At anthesis the upward growth is about 
ready' to stop It is very different with barley, where flowermg gen- 
erall}' occurs while the spike is still mclosed in the boot leaf The 
last mternode of the culm bearmg the spike is still young and com- 
posed of soft growing tissue and contmues to elongate until the spike 
emerges from the sheath and extends, in most varieties, above the end 
of the distal culm leaf The basal leaves are, for the most part, dead 
at the time jomtmg begins, and necrosis proceeds distally, first appear- 
ing in the leaf tips and workmg back through the blade to the leaf 
sheath The top or boot leaf begins to die at the tip when the kernels 
are about one-half or two-thirds their mature age, and the awn tips 
begin to brovTi a few days later The culm axis or stalk loses its 
chlorophyll rapidly^ at this time However, the leaf sheaths protect 
the stalk from excessive drymg for a considerable time and the vessels 
are still capable of conductmg the soil solution to the still actively 
growmg kernels After the chlorophyllous tissue has ceased to func- 
tion there probably is stiU translocation of dry matter from the upper 
part of the stalk and the spike mto the kernels even after the^ shoot 
has been harvested This certamly is true when the kernels are imma- 
ture when harvested {9 ) 

If the growth in dry weight is considered, there is found a state of 
affairs^ entirely different from growth in length Not only does the 
mflection of the curve not occur at flowermg, but there seems to be no 
true inflection at all This is due to the fact that the growmg seeds 
present in the spike serve as storage organs for an amount of diy 
matter which may equal or exceed the total dry matter contamedun 
the remainder of the shoot The deposition of this material begins 
actively a few days after fertilization of the egg cell and continues for 
nearly a month, when structural difficulties abruptly halt growth (8) 

It seems to the writer that events occurring at the time of root 
formation, together with the acceptance of the compound-interest 
principle, may form the basis of a hypothesis applicable to the whole 
growth curve of plants. Postulating favorable environmental condi- 
tions, rate of growth in the plant is largely, if not entirely, conditioned by 
the maximum nutritional opportunities in different parts of the plant and 
the ability of the plant from a physical and chemical standpoint to take 
advantage of these opportunities. 

According to this hypothesis the aerial portions of the young plant 
will grow with increasing rapidity according to the compound-interest 
formula, provided the roots have an absorbing and carrying capacity 
sufficient to satisfy the nutntional needs of the plant These ^‘maxi- 
mum nutiitional opportunities’' are greatest during the middle of the 
growth period, where the compound-interest formula best fits the 
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tioii 5 days later m the Tennessee Winter variety and 8 to 10 days 
later in Hannclien 

The curve of shoot weight, excluding kernels, shows inflection 4 days 
aftei flowering in Tennessee Wintex and 10 to 12 days after flowering 
in Hannclien, 

The total weight of the shoot, including kernels, increases at a regu- 
lar rate until about the hard-dough stage of the kernel, when the 
leaves and awns have begun to die 

After the hard-dough stage the shoot loses weight on account of 
mechanical breakage and leaching by rain. 

Indirect evidence indicates that growth rate in the plant varies with 
the accessibility of nutrients and the structural ability of the plant to 
translocate them and utilize them in growth 
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CATALASE ACTIVITY IN RELATION TO THE GROWTH 
CURVE IN BARLEY 1 

li\ ]\lEltTtlTT N- PoPJ3 

Agi ouomibtj Dilution of Ceteal Ciopti and Dtbeaics, Buieau oj Plant Industi 
United States Depaiiinent oj Agiicnltuie 

INTRODUCTION 

Phenomena associated with growth might be expected to exhibit a 
grand period paralleling that of growth itself Catalase activity is 
well-nigh universal m living, grovung tissue It has been found to be 
correlated with various phases of metabolism, but its nature and func- 
tion are problematical During a study of the growth curve of barley 
a parallel investigation was made upon catalase activity The results 
aie reported in this paper 

REVIEW OF LITERATURE 

Weiss and Harvey found catalase activity to be strongly corre- 
lated with growth in the proliferation produced by the potato-wart 
disease in spite of the high acidity of the growing tissues 

Hemicke ( 8 ) found not only that there was more catalase activity 
in the leaves of apple trees fertilized with sodium nitrate than in those 
of the checks, but also that when only half the plant was given nitrate 
the poition dnectly above gave an mcreased catalase reaction This 
indicated that the unfertilized half of the plant could be used as a 
check Hemicke suggests that, smee catalase activity shows the nitro- 
gen effect m the apple when chemical analysis gives no significant dif- 
ference in nitrogen content, “it is veiy probable that the ability to 
decompose hydrogen peroxide is a more sensitive measure of the meta- 
bolic status of the tissue than the usual chemical analysis ” He makes 
an interesting inference when he says . 

Many of the preparations of apple-leaf tissue show greater power to decompose 
hydrogen peroxide than is reported in the literature for tissue from organs more 
actively engaged in growth piocesses 

Auchter ( 2 ) confirmed the findings of Heinicke on apple-leaf tissue 
and found that catalase activity was greatl}^ increased in the leaves 
whenever nitrate of soda was applied to plants of privet, oak, and 
peach In all these the growth became more vigorous and the plants 
contamed a significantly greater amount of nitrogen than did the 
check plants to which no nitrate was added 

Shull and Davis ( 13 ) state that m the dimorphic seeds of Xanthium, 
the upper seed, which shows a delayed germination, exhibits con- 
stantly less catalase per unit of dry matter than does the lower seed. 

Ehine (fj8) believes that catalase activity is somehow related to the 
presence of oxygen and oxidation She found, however, that during 

1 Received for publication July 16, 1931, issued April, 1932 This is the second paper adapted from a 
dissertation subnaitted to the Graduate School of the University of Maryland m partial fulfillment of the 
requirements for the degree of doctor of philosophy 

2 Tbe writer acknowledges his indebtedness to Dr C O Appleman, of the Umversxtj of Maryland, for 
many helpful suggestions and criticisms 

3 Reference is made by number (italic) to Literature Cited, p 365 
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nently bathed in mercury The water temperature is equalized by a 
motor-driven stirrer of the turbine type The Bunzel tube is shaken 
at the, rate of approximatoly 204 complete excursions per minute, and 
the theimostat is kept constant at 24 5°. In staitmg the shaker 
motor the switch is thrown one second before the minute, which 
allows the firat mixture to occur approximately on the minute 



Pig USE 1 — Apparatus for the determination of catalase activity (without thermostatic equip- 
ment) 


Readings are taken at the end of each successive minute for x)einods of 
3, 5, or 10 minutes 

Determinations of catalase activity were made in the following 
way : The main shoots of five plants of Hannchen spring barley (C. I. 
No* 531), selected at random from the 20 taken as a single day’s 

< G I refers to accession number of Division of Ceieal Ciops and Diseases, formerly Office of Cereal 
Investigations 



344 


Journal of Agricultural Research 


Vol 44, No 4 


germination as respiration rapidly increased catalase activity de- 
creased, and inferred that the latter can not be a part ol the respiratory 
mechanism She concludes that catalase activity can be a nieasurc 
ol metabolism only when there is no rapid change m respiration 

Knott {10) found that the youngest and oldest leaves ol spinach 
usually are low in catalase activity, while those intermediate in age 
have higher and approximately equal activity His results are open 
to the criticism that the young leaves probably contained a much 
lower dry-matter content, which should be corrected for, and the 
oldest leaves -were yellowing and dying 

Ezell and Crist {6) found a significantly negative correlation between 
catalase activity and average weight of 65 lots of lettuce plants, and 
Haber (7) found that “catalase activity, growth, and yield were nega- 
tively correlated in the vegetatively mature leaves, green-mature 
fruit, and ripe fruit” in the tomato 

There is much better agreement among plant physiologists than 
among animal physiologists Becht’s {3) results seem to indicate 
that the catalase reaction is unreliable as a measure of metabolism in 
animals. He found a variation of as much as 1,000 per cent in the 
blood of different dogs under “identical conditions ” Morgulis {11) 
placed frogs under temperature conditions which “it was estimated” 
caused a change of 300 to 400 per cent in the metabolic rate, and 
found no accompanying influence on the catalase content of the frogs 
He concluded that “it is certain that it [catalase activity] is certainly 
not a measure of metabolic activity.” 

Burge (4) and Burge and Burge (5) are convinced that catalase 
activity is definitely associated with metabolism and with respiration 
m particular. 

MATERIAL AND METHODS 

Preliminary experiments were run to determine the most nearly 
practicable optimum conditions for measurmg catalase activity in the 
tissues studied. The methods so determmed were used throughout 
the investigation 

The apparatus used (fig 1) is a modification of the one described by 
Appleman {1). It consists of a square, wooden, motor-driven arm 
sliding through supports at either end and carrying a Bimzel tube (22 
mm inside diameter), each arm of which has ample capacity for 4 c c. 
of liquid A flexible rubber tube of sufficient length to allow a full 
excursion of the shaker arm connects the Bunzel tube with a small- 
bore glass tube. This glass tube is in direct connection through a 
3-way glass stopcock with the upper end of a 50 c c burette, the 
lower end of which is connected by a thick-wall rubber tube with the 
lower end of a second burette of the same capacity which may be 
raised or lowered at will to equalize the water levels m the two burettes 
The gas-conducting portions of the apparatus are purposely made of 
small-bore material to reduce the volume of gas subject to temperature 
and pressure changes. No attempt was made to determine the vol- 
ume at normal temperature and pressure, because, as noted later, the 
error from this source is less than that from other variable, uncon- 
trolled factors. The Bunzel tube is immersed in a water thermostat 
electrically heated and controlled. A Imife-type heater is used, and 
the thermoregulator is of the mercury type, sensitive to about ±0.02° 
C,, working through a mercury relay in which both poles are perma- 
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sample for growth study^, were chpped finely with shears and mixed 
thoroughly. From this composite a 5-g sample"’ was weighed out 
and quickly tieated with powdered cnlcium carbonate, the cut ends 
l>eing covered to prevent acidity from developing a.t those points 
A small quantity^ of water and \vherc necessary a little quartz sand 
that had been carefully cleaned and thoroughly washed were added 
and the mixture was reduced in the mortar to a thin paste Distilled 
water ^ was then added to make 250 cmk The mixture was thoroughly 
stirred, and a 2 cm^ sample, which contained 0 04 g of green tissue, 
was pipetted into one arm of a Bunzel tube In the other arm of the 
tube was placed 2 cm^ of 12-volume Dioxogen (hydrogen peroxide), 
and the tube was attached to the shaker cork in the thermostat and 
left three minutes to come to temperature equilibrium The 3-way 

cock in the top of the 
burette was opened 
and water leveled to 
0.0 cm®. At the end of 
the 3-minute period 
the cock was turned 
so that passage from 
the Bunzel tube was 
open to the burette. 
One second befoi e the 
minute the switch was 
thrown, and the shak- 
ing began very nearly 
on the minute Gas 
immediately began to 
be evolved on the 
mixtui-e of the hydro- 
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Fiquee 2 — Relation between the volume of oxygen libeiated from 
hydrogen peroxide by 2 cm3 of a tissue suspension and the dilu- 
tion of that suspension 


gen peroxide and the diluted plant material, and the displaced gas 
was collected in the burette The water surfaces in the burette 
and the leveling tube were leveled off and the number of cubic 
centimeters of gas evolved was read, estimating to 0.01 cm-*, at the 
end of each minute for 10 successive minutes Duplicate detennina- 
tions were made If the total amounts differed by as much as 1 cm®, 
a third sample was run and the average of the three used The aver- 
age volume of gas evolved in 10 minutes was calculated for 0 008 g 
of dry matter, and this figure was taken as the “catalase activity^' of 
the saniple This seems valid, as prehminary experiments have 
shown that through a rather wide range of dilutions catalase activity 
IS proportional to the dilution (Fig 2.) 

Dry matter determinations were made upon duplicate 5-gm samples 

dried to constant weight at 80*^ C in a vacuum of approximately 28 
inches of mercury After flowering, when the kernels m the spike began 
to grow rapidly, the shoot was divided into spike and culm and dried in 
separate samples. The percentage of dry matter for total shoots was 
figured from the two determinations. 

Thioughout the investigation care was taken to give all samples as 
nearly identical treatment as possible, and the results are believed to 
be consistent. 


Government Printing omc^ for gra,;;^ 




Feb 15, 1932 Oatalose Activity in Belatwn to Growth in Barley 


349 


Table 1 — Average length, average dry we%ght, and catalase activity in the main shoot 
of spring-sown Hannchen barley, 1928 — Continued 


Daj of harvest 

Length 

Dry 

Catalase activity 
(O 2 evolved m 10 
minutes) 

Date 

Da^s 

after 

planting 

Weight 

Per 0 04 
gm green 
tissue 

Per 0 008 
gm dry 
matter 

May 25 

72 

Cm 

32 73 

Grams 

3434 

Cm3 

12 54 

Cm3 

13 38 

May 26 — 

73 

31 57 

2455 

14 27 

15 72 

May 27 

74 

36 01 

3323 

12 58 

12 80 

Alay 28 

75 

34 59 

2911 

13 52 

14 00 

MaS^ 29 

May 30 

76 

77 

39 88 
42 51 

3948 

4333 

12 54 
11 94 

12 12 
12 37 

May 31 

78 

44 21 

5031 

13 74 

11 93 

June 1 - - - 

79 

45 18 

5023 

14 39 

12 70 

June 2 - - 

80 

52 53 

7169 

12 62 

10 89 

Tunes 

81 

53 35 

6965 

14.03 

12 18 

June 4 

82 

51 89 

6535 

13 24 

12 98 

Tunes - 

83 

56 50 

6786 

15 78 

13 84 

June 7. 

85 

58 68 

8311 

14. 58 

12 59 

June 9 - 

87 

59 83 

8287 

14 99 

11 58 

June - - 

89 

63 66 

1 0519 

16 38 

11 88 

June 13 - 

91 

64.00 

1 0030 

13 07 

10 67 

June 15>- - 

93 

65 48 

1 2159 

17 86 

12 93 

Junel7-_ 

95 

68 56 

1 3391 

12 78 

8 57 

June 19 - - 

97 

62 15 

1 1565 

13 00 

9 18 

June 21 - 

99 

66 99 

1 4706 

18 10 

12 93 

June 23 

101 

64 70 

1 4705 

16 89 

10 43 

June 25 

103 

64 89 

1 4973 

17 11 

9 66 

June 28 

106 

70 15 

1 9455 

11 93 

6 34 

July 2 

no 

68 50 

1. 6613 

7 23 

3 10 

Julvfi _ _ __ _ _ ^ . 

114 

69 80 

2 0970 

5 76 

2 24 

July 9 



117 

71 47 

2 0373 

5 09 

1 43 


While there was a rather wide variation m catalase activity per 
unit (0 008 g) of dry weight from day to day m the 1928 data, there 
was a distinct trend apparent, as is indicated by the smoothed curve 
drawn through the points There are four clearly defined elevations 
in the first 70 daj^s of growth Durmg this time'the plant was com- 
posed mainly of succulent actively growing tissue The dry matter 
did not reach 20 per cent until the seventy-sixth day After the 
seventieth day (May 23) the percentage of dry matter increased, 
gradually at fii’st and then very rapidly as the seeds dried out On 
Alay 23 the basal leaves were dead The culm leaves soon died also, 
and on June 17 the boot leaf was dying, the maximum moisture 
remaining longest in the nodes and kernels From May 23 the cata- 
lase activity decreased quite uniformly imtil June 25, when final drying 
out occurred and the catalase activity di’oppcd to 1 43 cm® at the final 
determination This drop in catalase activity is associated with 
rapid growth begmnmg about the seventieth day, the relation con- 
tinuing unchanged up to the pomt where growth abruptly ceases. 

Catalase determinations were run upon one planting only m 1928, 
To verify these data and to check then apparent relation to stage of 
plant growth, three supplementary series of determmations vrere run 
subsequently upon Hannchen barley None of these latter, however, 
carried the plant to maturity. Only the eaily stages, where the earlier 
curve was more variable and consequently more subject to doubt, 
were studied in these later experiments Figures 4, 5, and 6 show 
graphically the shoot length, dry weight of shoot, and catalase activity 
corrected foi diy matter, together with the appearance of certain 
developmental stages in each of the three series. The fii*st series was 
run upon material grown in the greenhouse in the late winter and 
spring of 1929. 
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CURVE OF CATALASE ACTIVITY IN THE BARLEY PLANT 

In Table 1 are shown the following data for the main shoot of barlej^' : 
Average length in centimeters, average dry weight in grams, catalase 
activity found in 0.04 g of green tissue, and the catalase activity 
calculated for 0 008 g of dry matter of the daily samples 
In Figure 3 the amount of catalase activity per unit of dry weight 
in the shoot of the Hannchen barley plant is plotted against time On 
the same sheet are shown the curves of total length and total dry 
weight of mam shoot. The stages of development of the plant on 
different dates also are indicated. 

Table 1 — Aveiage length, average diy weight, and catalase activity in the main shoot 
of sp? ing-sownHannchen barley, 1928 


Day of harvest 


Length 

Diy 

Catalase activity 
(O 2 evolved m 10 
mmiites) 

Date 

Da\s 

after 

planting 

Weight 

Pci 0 04 
gm gieen 
tissue 

Per 0 008 
gm diy 
mattei 

Mar _ - - - 

14 

Cm 

3 04 

Grams 

0 0051 

Cm3 

Cm-» 

Mar 29 - 

15 

3 29 

0056 

17 93 

17 99 

Mar 30 

IG 

3 84 

0058 

20 87 

20 84 

Mar 31 

17 

4 70 

0073 

21 51 

21 03 

Apr 1 

18 

4 41 

0072 

17 91 

18 03 

Apr 2 

19 

4 58 

0086 

20 64 

22 02 

Apr 3 

20 

5 51 

0091 

24 37 

20 74 

Apr 4 

21 

5 76 

0101 

23 61 

22 42 

Apr S 

23 

6 19 

0106 

80 64 

26 71 

Apr 6 

23 

7 65 

0128 

25 46 

24 61 

Apr 7 

24 

6 76 

0160 

28 64 

23 84 

Apr 8 

25 

7 43 

0148 

19 21 

20 06 

Apr 9 

26 

7 66 

0162 

15 91 

14 98 

Apr 10 

27 

7 67 

0164 

13 29 

14 22 

Apr 11 

28 

7 63 

0173 

17 28 

16 64 

Api 12 

29 

8 11 

0164 

17 26 

17 42 

Apr 13 - 

30 

7 35 

0187 

14 33 

34 33 

Api 14 

31 

8 14 

0184 

13 32 

13 43 

Apr 15. 

32 

8 25 

0209 

12 92 

12 67 

Apr 16 

33 

9 08 

0245 

11 32 

10 95 

Apr 17 

34 

9 77 

0288 

to 10 

8 72 

Vpi 18 . 

35 

9 25 

0202 

10 73 

30 2L 

Apr 10 

3() 

10 30 

ono 

13 90 

32 05 

Vpi 20 

37 

11 10 

0290 

12 20 

14 24 

Api 21 

38 

10 80 

.0331 

15 05 

14 03 

Apr 22 

39 

11 23 

0284 

13 35 

15 93 

Apr 23 

40 

10 % 

0289 

13 29 

16 40 

Apr 24 

41 

11 00 

0342 

14 18 

15 73 

Api 25 

42 

12 15 

1 0408 

14 50 

16 30 

Apr 26 

43 

12 77 

: 0437 

13 40 

15 61 

Api 27 

44 

11 07 

0329 

11 25 

13 88 

Apr 28 

45 

12 19 

‘ 0406 

14 06 

16 00 

Apr 29 

40 

13 00 

0505 

13 95 

13 90 

Apr 30 

47 

13 07 

1 0535 

17 07 

18 45 

May 1 

48 

14 09 

1 0531 

16 82 

19 31 

May 2 

I 49 

14 10 

0568 

16 89 

19 14 

May 3 

50 

15 70 

. OfjOf) 

36 72 

18 61 

May 4 

51 

17 29 

0751 

17 74 

22 48 

May 5 

62 

16 11 

0692 

21 80 

25 29 

May 6 

51 

10 58 

. 0779 

18 12 

22 76 

May? 

54 

17 84 

0873 

22 63 

26 34 

May 8 

55 

10 98 

0809 

10 47 

17 45 

May 9 

56 

16 47 

0731 

13 50 

16 20 

May 10 

67 

19 15 

.1024 

33 93 

14 91 

May 11 

58 

18 33 

0927 

16 50 

17 16 

May 12 

59 

17 09 

0792 

16 65 

18 14 

May 13 

60 

17 91 

0950 

14 75 

15 28 

May 14 

61 

20 39 

. 1224 

15 64 

16 21 

May 15- 

62 

20 24 

1075 

14 23 

15 46 

May 16 

(>3 

19 56 

1123 

14.16 

14 36 

May 17 

04 

21 77 

1373 

15 73 

16 08 

Mavis 

05 

23 94 

1533 

38 65 

20 33 

May 19 

06 

23 31 

1453 

17 15 

19 19 

May 20 

07 

25 55 

1510 

18 91 

21 09 

May 21 

08 

28 04 

1781 

17 96 

21 20 

May 22 

69 

29 79 

2258 

17 57 

20 21 

May 23 

70 

31 92 

2387 

18 24 

21 79 

1 

f 

1 

% 

1 

1 

1 

I 

1 

1 

71 

31 70 

2789 

14 93 

15 13 
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On account of enyn*onmental differences a definite stage of develop- 
ment naturally did not occur at tlie same age m days in^ all four 
experiments In order to compare properly the curves in Figures 3, 
4, 5, and 6, the data shown therem are plotted against the six definite 
developmental stages mdicated 
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This iiiateriul was limited, and catalase determinations weie not 
contmiied much beyond the time when the crown roots became func- 
tional The cmwe'in Figure 4 corresponds fairly well with that for 
the data previously obtained, except that the first low point does not 
occur so near the time of endosperm exhaustion as m the former 
The second series was run upon material giown in field plots in 
1929 The curve in Figure 5 almost parallels that of the greenhouse 
material of the same year On account of poor soil conditions the 
plants did not tiller well and appeared so abnormal that the experunent 

was discontinued 
on the fif t3"‘-second 
day In tJhe graph 
it IS seen that from 
days 9 to Ifigrowth 
was rapid while 
the curve of cata- 
lase activity di'op- 
pod From days 
17 to 24 growth 
lagged and an ele- 
vation in the cat- 
alase curve oc- 
curred. After day 
24 rapid growth 
rate was again ac- 
companied by a 
decreased cata- 
lase activity. 

The third series 
was run upon 
material grown in 
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the greenhouse in 
the winter of 
1929-30 Cata- 
lase determina- 
tions were made 
until jointing was 
well under way 
In this series each 
determination 
was made upon 
the whole of the 
main shoot of a 
single plant, ex- 
cept m the early 
stages, when more material was desirable The resulting curve (fig 6) 
is reasonably smooth and resembles the other three ^uite closely. 
There is, however, no elevation during the time of active tiller pro- 
duction, as there is in the 1928 curve The increase during jointing 
and iminediateljj preceding the appearance of the floral organs, 
however, is significant and agrees with the 1928 data Here also 
growth rate is rapid while catalase activity drops off When growth 
lags the curve of catalase activity rises. 
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DISCUSSION 

The only measure of catalase activity is the volume of molecular 
ox3"gen liberated when the substance under investigation is brought 
into intimate contact wuth hydrogen peioxide The presence of hy- 
drogen peroxide m living tissue has not been proved. Consequently 
no assumptions can be made as to the nature of the reaction, its func- 
tion, or its usefulness to the plant Furthermore, if catalase activitv’ 
be destroyed m normal tissue, as happens m determinations in the 
laboratory, no idea can be had of the total amount produced in the 
plant, the determinations then show merely the excess of manufacture 
over destruction 

In this study of catalase activity a composite sample of all the tis- 
sues of the entire main shoot was used This was composed mainly 
of meristematic and young, actively growing tissues m the seedli n g 
stage. As age mcreased, the leaves rapidly matured, the stem was 
differentiated and became woody, and finally all the tissues except 
the seeds m the spike were in a dymg condition. This course of events 
produces the typical sigmoid curve of growth Had meristematic 
tissue alone been used for the daily catalase determinations, the curve 



probably would have differed as much from the one shown herein as 
a growth curve of meristematic tissue would differ from one con- 
structed from entire-shoot data 

A low C/N ratio generally is accepted as necessary to active metab- 
ohsm Auchter’s data {2) on woody plants indicate that an increase 
in carbohydrates in proportion to the mtrogen present is accompamed 
by a decreased catalase activity Hicks {9) found in wheat the lowest 
C/N ratio m the distal end of an organ, for mstance, the leaf tips have 
a lower C/N ratio than the bases even though the meristem of the 
leaves is at the base From these results one would expect to find the 
greatest catalase activity m barley in tissues that are mature but not 
dying, and m plants that have a relatively large amount of mature 
living tissue In the writer's determination of catalase activity in 
different parts of the barley plant ® the mature portions seemed to 
have a higher catalase activity than did the very young tissues or those 
much past maturity, for instance, the flag of the boot leaf contained an 
amoimt greater than that of any other part tested, and the sheath of 


6 Unpublished data. 
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Considering the 1928 data alone, it seems possible to correlate in- 
creased intensity in the curve of catalase activity with the plant 
stages characterized by active metabolism The data from the three 
subsequent series of determinations, however, indicate that so definite 
and inclusive a conclusion is not entirely justified In all cases m 1928 
(fig 7) intensity of catalase activity is high in the germinating plant 
and gradually falls off during the rapid growth preceding the exhaus- 
tion of the endosperm There then occurs a general slackening of 
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growth rate, as indicated by dry-weight determinations ;At the same 
time catalase activity per unit of dry matter begins to climb until the 
crown roots are functional, after which growth again becomes rapid 
and catalase activity decreases in intensity There isjevidence of 
another period of high catalase activity during jointing and just prior 
to the first appearance of the spike, with some mdications of a high 
during the previous period of tiller production. As senility proceeds 
in the plant, catalase activity decreases and drops to ajowjevel as the 
vegetative part of the plant dies 
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SUMMARY AND CONCLUSIONS 

Four series of dail}^ deternunations of catalase activity were made 
during the growth period of Hannchen barley m field plot and green- 
house The first series was carried through to the mature plant; 
wuth the other three series the studies were continued through the 
period of early growth, where the results w^ere most variable. 

Catalase activity (i e , cubic centimeters of oxygen gas liberated per 
unit of dry weight) is roughly proportional to the reciprocal of growth 
rate Three hypothetical explanations are suggested 

The curve of catalase activity shows three peaks, each occurring at 
the tme of inception of a new and definite stage in the functional 
activity of the plant. 
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the boot leaf held second place in one variety and third in another, 
while the awns held third and second place, respectively All the 
parts of the shoot, including the kernels, proximal to the avvns were 
significantly lower in catalase activity 

It IS evident that the total catalase activity in the plant approxi- 
mately keeps pace with growth But m order to make catalase exactly 
proportional to growth the curve of catalase activity (expressed as 
cubic centimeters of oxygen evolved per unit of dry matter) must be a 
straight line parallel with the horizontal axis It will be seen that 
this condition does not obtain There are certain elevations above 
the mean of the curve w^ch must be explamed In all four series of 
determinations oxygen evolution is high at and immediately following 
germmation, but drops off with active seedling gi-owth and reaches a 
low point shortly after all the endosperm is malted Growth then 
slackens somewhat, and catalase activity agam chmbs, reaching a 
second peak at the time of the appearance of the crown roots There- 
after tiller buds appear and growth is accelerated m the plant and the 
curve drops to a level, which, in the 1930 greenhouse experiments, is 
mamtained with but shght deviation until the peak during early 
jomting In the 1928 plot material this peak during early ]omtmg is 
preceded by another high point duiing active tiller growth, which does 
not appear in any other curve During late jointing the spikes 
develop rapidly and catalase activity drops off (fig 3) to a level which 
is mamtamed faiily constant until the actively growing portions of the 
plant aie proportionately reduced by the deposition of a considerable 
amount of inactive structural material and the progressive death of the 
leaves from crown to spike. 

From the foregoing it appears that the determmations of catalase 
activity are roughly proportional to the reciprocal of growth rate, 
being, m general, lowest durmg the stages of most active growth, as 
measured by length and by deposition of dry matter Furthermore, 
three very definite elevations in the curve are evident- (1) Dimng 
early germmation; (2) durmg the development of the crown roots and 
before they become functional, and (3) during early jointing, which 
immediately precedes the appearance m the boot leaf of the floral 
sjiike In other words, each peak in the curve occurs at the inception 
of a new and definite stage in the functional activity of the plant 

It is evident that the substance involved m catalase activity is pro- 
duced during growth and that this production is, as has been intimated, 
appro.ximately proportional to the amount of living tissue producing it 
It IS possible that the peaks m the curves may be explained by one of a 
number of assumptions In the first place, it may be that the sub- 
stance is produced at a uniform rate by the hvmg cell, but is used up 
in the process of growth, and is more rapidly used up in rapid growth 
In the second place, an old cell may be a larger producer than a young 
ceU; consequently, during rapid active growth, when a proportionately 
large number of the cells are young, the average production would be 
lowered and the lagging production would result in a drop in the 
curve In the tted place, it might be assumed that relatively great 
physiological activity actually precedes rapid extension in length and 
deposition of dry matter. 



FACTORS INFLUENCING THE BLOOD-SUGAR LEVEL OF 

DAIRY CATTLE 1 

By R E Hodgson, formerly Giaduaie Asststant, W H Kiddell, Dmiy Production 
Investigator, and J S "Hughes, Animal Nutntiomst, Kansas Agricultwal 
Expe7iment Station 

INTRODUCTION 

The sugar of the blood of dairy annuals has been the subject of con- 
siderable myestigation in its relation to milk secretion and disease 
It IS the precursor of the lactose of milk. Meigs (11)^ has presented 
a thorough review of the literature on this httle-known phase of 
metabohsm There is good evidence to show that milk sugar is 
derived from the glucose of the blood, though the process by which 
the transformation takes place in the mammary gland remains obscure 
In recent years the behavior of the blood sugar has been studied in 
dairy cattle under certam abnormal conditions Several investi- 
gators have presented figuies on the normal concentration of this 
constituent Hayden and Sholl (6) after 75 tests with 44 cows 
concluded that the average concentration of sugar in the blood of 
dairy cows is 51 75 milligrams per 100 cubic centimeters Moussu 
and Moussu (9), working with only 10 cows of different breeds, gave 
a range of 0 061 to 0 08 per cent, while Hayden and Fish (4), as 
a result of 68 analyses, gave an average figm^e of 46 52 milligrams per 
100 cubic centimeters with a range of 30 to 70 milligrams In a 
later and more extensive piece of work, Hayden (S) reported the low 
average of 41 15 milligrams of sugar per 100 cubic centimeters of 
blood for 253 samples taken from 23 cows over a period of 11 months 
Scheicher (13) j m studying the ratio of blood sugar to lactose in 
dairy cattle, observed that the sugar concentration of the blood 
ranged between 0 055 and 0 10 per cent and averaged 0 0744 per 
cent, while Anderson and his associates (7) in a recent investigation 
gave a range of 43 2 to 142 0 milligrams for animals of all ages and 
an average of 51 2 milligrams for ammals in the older group. 

It IS evident from these results that the blood-sugar level of dairy 
animals, while tending toward a mean value somewhere near 50 
milligrams per 100 cubic centimeters of blood, is subject to wide 
variations. The causes of these variations have not been discussed 
to any extent in articles reporting mvestigations in this field Un- 
doubtedly, however, they are due, m part, to the fact that the rate 
at which sugar enters the blood and the rate at w^hich it leaves the 
blood vary under different conditions The actual amount of 
sugar m the blood at any time depends on the relative intensity of 
these two opposing sets of conditions 

Figuratively speaking, there are three streams of sugar supplying 
the blood One enters from the mtes tines, another arises from the 
hydrolysis of glycogen, and a third from the synthesis of sugar from 


1 Received for publication July 21, 1931, Lssued April, 1932 Contribution No 74, Department of 
Dairy Husbandry, and No 160, Department of Chemistry, Kansas Agricultural Experiment Station The 
greater part of the data reported in this paper was presented at the summer meeting of the American 
Dairy Science Association held at Ames, Iowa, June, 1930 

2 Reference is made by number (italic'i to Literature Cited, p 364 
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FACTORS STUDIED 
AGE 

^ The data collected comprise 20 observations made on not less than 
eight animals in each of 11 age intervals. Animals of the four major 
dairy breeds were used The mean blood-sugar values were calcu- 
lated, and the results are assembled in Table 1. 


Table 1 — Influence of age on the blood sugar ^ of dairy cattle 


Age class of animals (melusive) 

Mean value 
for blood 
sugai 2 

i 

' Age class of animals (inclusive) 

1 

Mean value 
for blood 
sugars 

i 

1 to e (lajs 

Mg per 

100 cm^ 

100 4±:1 685 
88 2d=l 220 
80 2d=l 212 
75 4db /94 
69 6=tl 123 
67 8d= 821 

16 to 19 months 

Mg per 

100 cm^ 

62 2=fcl 000 
55 Odz 685 
54 6d= 770 
53 6=h 785 
53 4=1= 669 

1 to 4 weeks ! 

20 to 23 months 

1 to 3 months.- 

24 to 47 months 

4 to 7 months 

48 to 71 months 

8 to 11 months. 

72 to 96 months 

12 to 15 months 



1 20 determinations of blood sugar on not less than eight ammals were averaged fo r each age interval 

2 gm and cm^ are the abbreviations recently adopted by the Government Printmg Office for milligrains 
and cuhic centimeters, respectively 


It is apparent that during the early stages of life there is a close 
inverse relationship between the blood-sugar content and the age of 
dairy cattle. A mean of 100 4±1 685 milligrams sugar per 100 
cubic centimeters of blood was obtained in this study for calves less 
than 1 week of age As the ammal grows older its blood-sugar 
concentration decreases until it averages approximately 54 milli- 
grams, when the animal is 2 years old After this age is reached, 
the blood-sugar level does not seem to be influenced to any apprecia- 
ble degree by an increase m age. 

Two hundred and twenty-two observations made during the winter 
months on 74 animals between 2 and 8 years of age gave a mean 
blood-sugar concentration of 53 03 ±0 297 milhgrams per 100 cubic 
centimeters of blood, with values ranging from 35 to 74 milligrams 

BREED 

The matm^e cows in the herd were used for the study of the influence 
of breed on blood-sugar content. By using only mature aninals 
it was sought to exclude the age factor Stage of lactation was not 
considered smce these studies have shown it to have little influence 
on the blood-sugar concentration. 

No significant difference was observed in the blood-sugar content 
of the various breeds. An average of 44 determinations on each of 
the four major breeds gave the following means: Ayrshire, 53.1 ± 
0 856, Guernsey, 53 6 ±0 711, Holstem, 52 8 ±0 440, and Jersey, 
52.5 ±0 459. 

MILK YIELD 

Hewitt (7) has recently reported results with dry and lactating 
cows Eight determinations on three dry cows gave an average of 
90 4 milligrams blood sugar, while a similar number on three lactating 
cows gave an average of 50 7 milhgrams From this he concluded 
that the blood-sugar level in dry cows is decidedly higher than for 
cows in milk. Theoretically, the withdrawal of sugar from the blood 
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otha- compounds The first of these can be controlled to a consider- 
able extent by himtmg the amount and kind of carbohydrates in the 
feed In the" case of dairy ammals where the digestion is slow and 
more or less continuous, the rate of absorption of monosaccharides 
from the digestive tract under ordinaiy conditions probably does not 
vary sufBciently to produce any marked fluctuation in the blood- 
sugar level The second stream, namely, that ansing from the hy- 
drolysis of glycogen, is largely under the control of the nervous system 
^en an ammal is excited, the rate of conversion of glycogen into 
glucose IS increased through the action of the adrenal glands Excite- 
ment may produce a pronounced increase in the sugar level of the 
blood in a short time. The third source of sugar, namely, the syn- 
thesis of sugar from other compounds, is controlled by the processes 
of metabolism. This source of sugar probably produces very little 
fluctuation in the blood-sugar level under ordinary conditions 

Sugar is being steadily withdrawn from the blood and oxidized to 
furnish energy for maintaining the various functions of the body 
The amount vanes greatly, depending on the degree of muscular 
activity Sugar is also removed from the blood to provide the 
lactose m the milk of lactatmg ammals Under normal conditions 
any sugar m excess of that needed for the production of energy and 
lactose is stored as glycogen or converted into fat, in which form it is 
stored as reserve energy. 

A knowledge of sugar metabolism and the factors that affect the 
blood-sugar level is important in studying the problem of milk 
secretion It was in part for the purpose of securing such information 
that the experiments described in this paper were undertaken 

EXPERIMENTAL METHODS 

One hundred and forty animals were used in these studies All 
belonged to the college herd and were maintamed under normal con- 
ditions of herd management They were fed at 6 a. m and 4 pm. 
each day, and milked at 5 a m and 4pm 

_ The animals were selected and handled in such a way that informa- 
tion could be obtained concerning the influence of the following 
factors on the blood-sugar concentration: Age, breed, lactation, 
fasting, introduction of relatively large amounts of glucose into the 
stomach, and excitement In many cases a single determination was 
used in more than one comparison In studying the influence of 
any one factor, care was taken to see that other conditions affecting 
the blood-sugar level were mamtained as nearly constant as possible. 

In recent myestigations (6, 1 0) it has been shown that the various 
methods now in use for the determination of blood sugar may yield 
somewhat different results Folin’s new micro method (B), which 
appears to give results in close agreement with the actual sugar 
content, and which requires only 01 cubic centimeter of blood for 
each determination, was used in this work The blood was drawn 
from the ear by means of a capillary pipette and rinsed into a 10 
per cent sodium tungstate solution In aU cases the samples were 
centrifuged and prepared for analysis within one hour after the blood 
was drawn. The majority of the samples were collected at approxi- 
mately 9 a. m. 
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The results, which are summarized in Table 3, indicate that no 
sigmficant difference in the blood-sugar level of the dairy cow is 
produced by feeding This is undoubtedly due to the rather slow 
and continuous process of digestion resulting from the complex 
nature of the bovine stomach 

It will be observed from Table 3 that there is a small increase at 
3pm, which probably can be accounted for by the increased activi- 
ties about the barn at this time in preparation for the afternoon 
feeding 

That the rate of absorption of sugar from the digestive tract does 
influence the blood-sugar level m dairy cows is indicated by the 
results of the two following expenments — the first on the inflluence 
of fasting, and the second on the sugar tolerance of the dairy cow 

FASTING 

Five dairy heifers were used m studying the influence of inanition 
on the blood-sugar content These heifers ranged in age from Iji to 
2 years and compnsed 2 Holsteins, 1 Ayrshire, 1 Guernsey, and 1 
Jersey Throughout the trial they were kept m a paddock with shed 
ad]ommg Water was available at all times 

Samples of blood for analysis were drawn daily, beginning two 
days before the fasting period, and the hve weights of the animals 
determined At the conclusion of the 9-day fasting period the heifers 
were gradually returned to normal feeding conditions. 

Figure 1 shows the results in graphic form It will be observed 
that as the fasting period advanced the concentration of the blood 
sugar decreased This decrease was continuous and uniform until 
the mormng of the seventh day, when a substantial increase occurred. 
This increase may be explained by the fact that the heifers broke 
through the fence and obtained some roughage the evening before 
As the fasting continued the blood sugar decreased more than 50 
per cent of its initial content The low^est average value observed was 
28 5 milligrams per 100 cubic centimeters blood for the eighth day of 
the tnal, as compared with an average imtial content of 61.2 
milligrams 

^ After nine days without feed the heifers appeared gaunt and mac- 
tive Their feces were watery and contained mucous material, though 
it is unlikely that all of the contents had been removed from the diges- 
tive tract in the short time involved 

The blood-sugar content of the heifers did not return to normal 
immediately after they were fed, but increased rather slowly for 
several days The average live weight of these heifers decreased 120 
pounds 

ADMINISTRATION OP GLUCOSE 

In order to secure more rapid absorption of carbohydrate from the 
digestive tract, trials were run in which sugar was dissolved and given 
by means of a stomach pump. The animals in the various tests were 
fed different amounts of glucose according to their size and capacity 
The glucose used was dissolved in water at body temperature and 
introduced slowly by means of a stomach pump That much of the 
solution foimd its way immediately into the abomasum and was 
readily available for absorption is indicated by the prompt rise in 
blood sugar that occurred in a majority of the animals under obser- 
vation. 
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to form the lactose of milk might lower the blood-sugar level in lac- 
tating cows It does not seem probable, however, that this factor 
alone would explain the wide difference observed 

In order to study the influence of milk yield on blood-sugar level, 
all the available data in these studies were grouped according to 
daily milk yield, as shown in Table 2 The results on heifers were 
not grouped with those on dry cows, since, as already shown, young 
animals have a higher blood-sugar level than mature animals The 
difference in the means of the dry and the heaviest producing gioup 
(1 9 ± 1.16) is less than twice its probable error, which is not generally 
regarded as significant However, a small difference is apparent in 
the figures presented, and a slight negative correlation (0 190 ± 0 038) 
was obtained in correlating blood sugar and milk production for the 
three producing groups in Table 2 

Table 2 — Influence of milk yield on hlood-sitgar level in dairy cattle 


Daily milk yield 

Determi- 

nations 

Cows 

Mean value 
for blood 
sugar 

Drv . . 

Number 

42 

27 

64 

32 

Number 

20 

21 

33 

15 

1 

Mg per 

100 cm3 

52 6±0 843 
52 9=b 466 
61 6± 614 

1 50 7± 799 

1 

1 to 15 pounds-. - - 

16 to 35 pounds 

Over 36 pounds 



While these results are lower than those reported by Schlotthauer 
(13)j in general, they confirm his finding that heavy producing cows 
have a slightly lower blood-sugar level 

FEEDING 

It is a well-recognized fact that the blood-sugar level may be 
influenced by the rate of absorption from the intestines In animals 
in which the process of digestion is rapid and more or less intermittent, 
the blood-sugar level varies considerably throughout the day After 
a meal of readily digested carbohydrates it increases for a time, but 
returns to a lower level as the rate of absorption decreases To 
observe whether or not such a fluctuation occurred m dairy cows fed 
in the normal way, the blood sugar was determined at intervals during 
the day The cows were fed at 6 a m and 4pm Blood samples 
were taken at 7 and 10 a. m and at 1, 3, and 5 pm. 

Table 3 — Variation m hlood-siigai content in dairy cattle at intervals 

throughout the day 


Hour of day 

Time 

elapsed 

since 

feeding 

Mean value 
for blood 
sugar 


Hours 

1 

Mgm per 
100 c c 

51 834 

49 0=b 655 
60 7± 733 
62 9=fc 475 

50 Si 882 

10a m 

4 

1 p, m 

7 

3 p m 

g 

6p m 

1 
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The results (Table 4) show a marked increase in blood-sugar con- 
centration after dosage This increase reached a maximum within 
approximately 2 hours, and 6 or 7 hours were required for the concen- 
tration to return to normal In some of these trials it was possible 
to increase the blood-sugar content more than threefold 

That all this increase w’as not due to excitement resulting from the 
use of the stomach tube was shown by a repetition of the experiment 
in which water was used in place of the sugar solution The average 
deternnnation on four animals before the water w^as introduced was 
65 3 milligrams of blood sugar Thirty mmutes after dosing the 
quantity had increased to 69 5 miUigrams, one hour later it had 
decreased to 62 2 milhgrams 

In every case the quahtative test (8) for sugar in the urine gave 
negative results for urme samples collected prior to the admmistra- 
tion of glucose Except in one trial, in which the blood sugar did not 
materially mcrease, sugar appeared in the urine within twn to four 
hours after the solution was given This glycosuria, which was to 
be expected under the conditions of the experiment, indicates that 
the “sugar threshold’’ value of the kidneys had been temporarily 
exceeded 

It is evident from these results that when soluble carbohydrate is 
given in such a w'ay as to permit rapid absorption from the intestinal 
tract, a marked increase m the level of blood sugar results This 
method of increasing the blood-sugar level has been used by the 
writers m studymg the factors influencing lactose formation by the 
dairy cow 

EXCITEMENT 

In order to determine the effect of excitement, the blood sugar of 
four cow^s was determined before and after a dog was brought into 
the barn The nervousness of the cows resulted in an average increase 
in the blood sugar, ranging from 58.5 to 65 9 milligrams. When the 
dog w’as allowed to bark the blood sugar was further increased to 89 1 
milhgrams All four cows showed a defimte increase in this con- 
stituent 

Any undue excitement of an animal while the sample of blood is 
being taken for analysis may produce a marked increase in thq blood 
sugar This is particularly true when the animal is bled from the 
jugular vein Unless one has had considerable practice in securing 
the blood in this manner, the ammal may be rendered extremely 
nervous before the sample is finally obtained In the work reported 
in this paper, the method used required only 0 1 cubic centimeter of 
blood, w^hich could be taken quite convemently from the ear, with a 
nunimum of discomfort to the ammal The uniformity of the results 
recorded in Tables 1 to 4 may probably be attributed to this and 
the uniform conditions under which the samples were taken 

OESTKUS 

A limited number of observations were made on cows dming oes- 
trus. In each case studied there was a distinct rise in the blood 
sugar, amounting m two instances to as much as 40 per cent Hewitt 
(7) has reported blood-sugar values as high as 362 milligrams for 
heifers during oestrus. Observations made on five heifers in this 
herd gave no value in excess of 90 nulligrams. 
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The solutions were administered at 9 a m , immediately after an 
initial blood sample had been taken Samples were then secured at 
30 nunutes, 1, 2, 4, and 7 hours after dosage In the first two trials 
the animals had been deprived of feed for 12 hours In the remainder 



Table 4. — Effect of the admtmstrahon of glucose on the blood-sugar level of dairy cows 




Afilligrams sugar per 100 cubic centimeteis whole 
blood at time indicated 

1 

Breed and daily milk record of animal 

1 

admin- 

istered 

Before 

dosage 

30 min- 
utes 
, after 
dosage 

1 hour 
after 
dosage 

2 hours 
after 
dosage 

4 hours 
after 
dosage 

7 hours 
after 
dosage 

Holstein, dry 

Povnds 

8 

43 1 

108 7 

133 3 

156 2 

114 9 

54 0 

Holstein, dry 

6 

47 8 

78 7 

69 0 

105 3 

91 0 

59 5 

Guernsey, 9 pounds 

7 

67 6 

84 7 

94 3 

133 3 

64 5 

52 6 

Guernsey, 10 pounds i 

7 

50 0 

84 0 

113 6 

166 7 

52 4 

50 0 

Holstein, 40 pounds 

8 

59 2 

137 0 

166 7 

88 5 

83 3 

63 3 

Guernsey, 25 pounds 


54 0 

117 6 

105 3 

100 0 

76 9 

58 S 

Guernsey, 24 pounds 

8 1 

50 0 

77 5 1 

100 0 

90 0 1 

71 9 

57 1 
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TEMPERATURE 

As already stated, the results recorded in these studies were secured 
during the winter months, when the cows stayed in the barn a large 
part of the time and were maintained under uniform conditions Some 
determinations made since in another study during extremely warm 
July and August weather gave results considerably higher than any 
observed heretofore Further investigation will be required to deter- 
mine definitely whether the increase in the blood-sugar level was due 
to the high temperature prevaihng at the time the tests were made 
or to other factors 

SUMMARY 

In the course of this investigation, blood samples from 140 dairy 
cattle were analyzed for sugar content The following results were 
obtained 

Calves shortly after birth had a blood-sugar content of about 100 
milligrams per 100 cubic centimeters As the age of the animal in- 
creased the blood sugar decreased until the animal was approxi- 
matel}^ 2 years of age, after which little further change was observed 
A mean blood-sugar content of 63 03 ± 0 297 milligrams per 100 
cubic centimeters of blood was obtained on 222 samples from 74 
ammals between 2 and 8 years of age, with a range of 35 to 74 mil- 
ligrams 

No significant difference was observed in the blood-sugar level of 
the four breeds studied 

Cows giving a liberal flow of milk were found to have slightly less 
blood sugar than dry cows or those yielding a small quantity of milk 

There was no increase in blood sugar after feeding A slight in- 
crease was observed at 3 p. m , which probably may be accounted 
for by the increased activities about the barn prior to the afternoon 
feeding. 

Fasting caused a decrease in the blood-sugar content of dairy 
heifers amounting approximately to 50 per cent 

The administration of glucose in solution produced increases in the 
blood-sugar content amounting to as much as 200 per cent 

Excitement was found to produce a marked increase in blood sugar 

The* blood-sugar values of cows and heifers were higher during 
oestrus than at other times, 
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THE GERMINATION OF COTTONSEED AT LOW 
TEMPERATURES ' 

By C A Ludwig 2 

Formerly Associate Botanist and Plant Pathologist, South Carolina Agricultural 

Experiment Station 

INTRODUCTION 

One of the most important factors in the production of a large crop 
of cotton is a full stand of plants early in the season Studies con- 
cerning the effect of date of planting on yield carried on at the South 
Carohna Experiment Station for the past six or seven years have 
shown that the cotton planted earhest produces the highest yield if a 
permanent good stand is secured. But the period of greatest mor- 
tality of cotton plants due to adverse environmental conditions is 
from the tune the seed is planted until the seedlmg stage is past It 
is durmg this time that cold wet weather so often makes early planted 
cotton a failure It follows, therefore, that if a variety of cotton, 
excellent in other respects, could be found with more resistance to 
cold in the seedlmg stage, farmers would be able to plant earlier or 
would be assured of better stands from plantmgs at the usual time 
In either case they would secure greater yields 

The isolation or development of such a variety by means of field 
selections is not easy One season may be suitable for such selections 
and the next one totally unsuitable it is therefore very desirable to 
devise a better method for makmg the selections, if it can be done. 
A possible method of domg this was suggested by results secured with 
corn by B. D Leith, ^ of the Wisconsin Agricultural Experiment Sta- 
tion By a method which consisted m part of testing the seed in a 
refrigerator and selecting for planting only those ears from which 
germmations occurred withm a given time, he was able to produce a 
hardier strain of corn than the earhest then grown in Wisconsm As 
part of an attempt to adapt this method to the selection of cold-re- 
sistant strams of cotton, a study of the germination behavior of the 
seed of a number of varieties was made The chief results are reported 
in this paper 

METHODS 

Briefly stated, the method used in these experiments was to germi- 
nate samples of the best seed of different lots at approximately the 
minimum temperature at which germination would occur, and then 
to compare the behavior of the different strains and individuals 
The percentage gernnnation was not of itself considered especially 

1 deceived for publication Sept 21, 1931, issued April, 1932 Technical contribution No 17 (new 
series) from the South Carolina Agricultural Experiment Station 

2 The writer is indebted to Dr C F Hottes and to the authorities of the University of Illinois for the privi- 
lege of usmg the constant-temperature chambers m the laboratories of plant physiology of that mstitution 
during the first months of 1926, to the late F T Dargan, professor of electrical engmeering at Clemson Agri- 
cultural College, for much of the design and construction of the low-temperature incubator used in the later 
work, to T L W Bailey, jr , and C C Bennett, who assisted with some of the germinations, and to the 
large number of others who generously contributed samples of cottonseed for the work 

3 Russell, H L , Moreison, F B , and Ebling, W H cold resist xnt corn fuethee developed 
Agr Espt Sta BuU 373 (Ann Bpt 1923-24), 25-26, illus 
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perature readings were made immediately after the trays were 
removed from the incubator for examination. Durmg the course of 
the examination the temperature inevitably rose somewhat, since 
the trays were necessarily exposed to the warmer air of the room 
during that time There were also a few occasions when the 
refngeratmg system failed to operate properly During the first 
year in particular this happened more often in the later, warmer 
part of the season than earlier For this reason, and because the 
air to which the seeds wrere exposed during observations was warmer 
in the later part of the season, the effective temperature under which 
germmation occurred was higher each season when the last lots were 
germinated than when the &*st were germmated. In order to get a 
measure of the effect of these environmental variations, a stram of 
Cleveland (lot No 1, Tables 1 and 2) was selected as a standard 
and a sample w^as mcluded wuth every group of samples germinated. 
It proved to be a very high grade lot of seed from the standpoint of 
germination at the higher temperatures Some of the samples gave 
perfect germination and none failed to give a very high one 

Enough water was sprinkled on the covering paper after the daily 
exammation had been made to make it appear as moist as at the 
begmnmg of the experiment Tests were conducted to determine 
whether the inaccuracies of this method of replacing evaporated w^ater 
'were such as to introduce significant variations m the percentage of 
germmation The results showed that too much or too little water 
would decrease germmation, but the variations m water content 
involved in these tests were large enough to be easily detectable by 
appearance As a matter of fact, the paper very qmckly took on a 
shghtly dry appearance if the level of free water fell beloiv the sur- 
face of the sand, and became soaked with water if the level rose above 
the surface There seems to be no reason to suspect that better 
germmations could have been secured with a different amount of 
water in the sand or that the variations in moisture were sufficient 
to influence the results appreciably 

After samples had been kept at the lo'w temperature until no more 
germmations occurred or until other circumstances made it necessary 
to discontinue the test, they were placed at the high tempeiature, 
25° to 30° C , for a tune to determme how many, if any, of the 
remaining seeds were still alive 

The earliest germmations were carried out m a small, improvised 
incubator composed of a wooden box set m an ice-cooled refrigerator 
and equipped with electric heating units and a very simple thermo- 
stat The work in the early months of 1926 was done m the labora- 
tories of plant physiology at the University of lUinois The con- 
stant-temperature chambers built and operated by C. F Hottest 
were used in these tests The last two seasons' gernnnations were 
made at Clemson College m a constant-temperature chamber built 
for the purpose It consisted of an msulated box placed in an electric 
refrigerator and equipped with heating coils, thermostat, and an 
stirrer With this apparatus it was possible to get satisfactory 


* Hottes, C F a constant humidity case (Abstract) Phytopathology 11 51 1921. 

COOPERATIVE RESEARCH IN PLANT PHYSIOLOGY AND \GRONOMY Jour Amer SOC AgrOD IS 

60-6S, illus 1926 
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significant The information desired was what the viable seed would 
do at the low temperature For this reason all apparently defective 
or damaged seeds (lightweight, pale, gin cut, etc ) were discarded, 
and parallel tests of all samples at 25° to 30° C were run The higher 
temperature was assumed to be near the optimum, and, while it was 
not definitely so proved, the promptness and high percentage of 
germination repeatedly secured mdicated that the assumption was 
not far wrong It is clear, for instance, that a variety gerrninating 
50 per cent at the low temperature would be distinctly superior from 
the standpoint of resistance to cold to one germinating 75 per cent, if 
the respective germination rates at the optimum should be 50 and 95 
per cent, respectively In the first case 100 per cent of the viable seed 
would germinate at the low temperature while in the latter only 79 
per cent would do so The germination percentages reported at the 
low temperatures are therefore based on the number of seeds which the 
test at the high temperature showed to be viable 
The germmations reported are for time intervals commencing with 
the beginning of the test and ending with the close of the week men- 
tioned Since m a study of this kind the number of seeds which germi- 
nate, say, by the end of the second week, is more important than the 
number which germinate during the second week of the period, the 
germination percentages by individual weeks are not given The 
values are not always given in detail after the fourth week, although 
the experiments were often conducted longer 
Prehmmary experiments to determine the most suitable method of 
germinating the seed included germination on plaster of Pans blocks in 
water and in wet sand, both with and without a cloth or paper covering; 
germination in a shallow layer of water, and germination be tw’'een moist 
absorbent papers The last method was the most satisfactory, and 
the best plan found for keeping the papers properly moist was to lay 
the lower one on a uniform layer of sand about one-half inch deep 
saturated with water in a covered, ventilated tray or pan The suit- 
ability of delintmg the seed with sulphuric acid as compared with the 
prewetting method of Toole and Drummond ^ was also investigated 
The delmted seeds, as shown in the first part of Table 1, germinated 
better, partly no doubt because delmting made it possible to detect 
and remove most of the defective seeds Delintmg was therefore 
adopted as the method of preparing the seeds for the tests 
Examinations were made daily so far as possible Temperatures 
were taken by means of thermometers lying on the upper layer of 
paper, germinated seeds were removed and counted, and water was 
added to replace that lost by evaporation In the earlier part of 
the work it 'was found difficult after opening a tray to get the ther- 
mometer reading before the warmer air of the room had caused it to 
change Later this difficulty was overcome by tying some filter 
paper around the bulb. With this treatment there was abundant 
time for noting the readmg before any change occurred 
It should be noted that the actual effective temperature was 
really somewhat higher than that observed, even when the readings 
were most accurately taken This 'was owing to the fact that tem- 


^ Toole, E H , and Drummond, P H the germination op cottonseed Jour Agr Research 28, 
285-291, lUus 1924 
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control and practical uniformity of the temperature. Thermometer 
readings indicate that there may have been at times a maximum of 
0 3^ C difference m temperature between the bottom tray and the 
top one In order to equalize the effect of any such difference the 
position of the trays m the incubator was changed regularly 

RESULTS 

GERMINATION BEHAVIOR AT LOW TEMPERATURES 

Preliminary experiments made with extemporized equipment in 
1925 with a "few varieties of upland cotton indicated that the mini- 
mum temperature for germination is approximately 12° C The 
results of the later experiments are shown in detail in Tables 1 and 2 
While not permitting the precise determination of the mmimum 
temperature for germination, they fully confirm the original results 
in a general way. They indicate that cottonseed might possibly 
germinate at slightly lower temperatures if given enough time, but 
that it IS far from likely that it would germinate at an appreciably 
lower temperatm’e than 11°, especially since, as already explained, 
the actual effective temperature m the tests was slightly above that 
recorded Certainly the germmations would not proceed at a lower 
temperature at a rate that would make such tests practical foi* 
selection work. 
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sections where both Pima and upland varieties are grown Pima is 
planted earlier ® 

The second class of cotton varieties investigated includes all those 
not already mentioned, with the possible exception of some of the 
foreign varieties of which only a few seeds were available In this 
group there is apparently a considerable variation between varieties, 
although it is practically impossible to give any of them more than an 
approximate place in an arrangement based on the performance m 
question An attempt has been made m the tables to make such an 
approximate arrangement for each separate group studied Since it 
was found impossible to maintam conditions from one germination 
test to another such that the germination of the check variety would 
remam constant, and smce there were lil^ewise a number of as yet 
unexplamed variations m the relative germinations of identical lots 
of seed, no attempt has been made to classify the group as a whole 
About the only statement that it seems safe to make is that the strain 
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Figfee 1 — Germination of seeds of Rowden (A), Kekchi (B), sea 
island (C) , and Pima (D) cotton after about 10 days at 12° C The 
samples originally contained 200 seeds each Vacant places rep- 
resent seeds which germinated and were removed Test started 
April 1, 1926 


of Cleveland used as a check stands well toward the foot. Cleveland 
IS considered one of the earlier varieties, but its earliness, at least in so 
far as this strain is concerned, is apparently not due to ability to germi- 
nate and grow well in cool weather 
In this connection it is worth noting that failure to germinate at the 
low temperature does not necessarily mean that the seeds were lolled 
(Columns 12, 13, 20, and 21 of Table 1 and columns 17 and 18 of Table 
2 ) This particular lot of Cleveland seed, for instance, always had a 
large percentage of viable seed remaining after a month or more at each 
test until the last, at which time it was over 2 years old Such a 
characteristic would often permit early planting, even if the weather 
were not at once suitable for germination Whether this character is 
hereditary or merely a chance characteristic of the samples in which it 
was observed can not now be stated 


« Communication by C B Doyle, Bureau of Plant Industry, U S Department of Agriculture 
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A second point worth noting here is that near the minimum for 
germination a small difference in temperature makes a much greater 
difference m the behavior of the viable seeds than it does at a higher 
temperature Thus the unweighted mean of the total germinations 
at 12° C as given in Table 1, omitting the foreign cottons represented 
by only a few seeds each, is 30 7 per cent, wMe that at 15° is 71 7 per 
cent. Similarly, the means for the seeds killed by the treatment are 
51 4 and 23.4 " In other words, reducing the temperature from that 
used as a control (25°-30°) to 15° reduced germination only 28 3 per 
cent (100 — 71 7 per cent), while leducmg it 3° further reduced it 41 0 
per cent (71 7 — 30 7 per cent) Likewise reducing the temperature 
to 15° killed 23 4 per cent of the viable seeds while the 3 degrees addi- 
tional reduction killed 28.0 per cent more The relative speed of 
germination, while not so easily summarized in a few figures, is very 
similar, as can be seen from Table 2 Another consideration showing 
the great variation in response resulting from a small change in tem- 
perature in this range is the fact that it was found practicalljr impos- 
sible to repeat experiments with conditions enough alike to get identical 
results within the range of natural variation expected between samples 
Any temporary failure of the regulatory apparatus to function, allow- 
ing the tempera tm’es to rise for a short time, or apparently even merely 
the variation in room temperature where the daily examinations were 
made was enough to produce a significantly different behavior in the 
germination Thus, owing to the sli^hly higher effective temperature 
in the later part of the season during tHe first two years, as explamed 
under Methods, the germmation became more rapid as the season 
advanced While these results do not prove the point, they suggest 
rather strongly that the temperature coefficient for cotton germination 
in this range is considerably greater than at higher temperatures 

VARIETAL VARIATIONS 

Keference to Tables 1 and 2 show that the varieties studied fall into 
two distinct classes with regard to the rate and percentage germination 
of the seed at temperatures near 12° C In one class the rate is dis- 
tinctly greater than in the other The moie rapidly germinating class 
includes the Amencan-Egyptian variety, Pima, and two varieties, 
Manchurian Black Seed and Manchurian White Seed, of the Asiatic 
cotton, Gossypium nanking There can be no question about the inclu- 
sion of Puna and Manchuiian Black Seed m this group, as they were 
tested at different times with results that were consistent throughout 
There is more question with regard to Manchurian White Seed, since 
in this case the placing is made on the basis of the preformance of 
only 35 seeds However, in the one test made with the variety its 
behavior was so similar to that of Manchurian Black Seed that there 
seems to be no reason why it should not be placed m the same group 
Figure 1 shows the germination of Pima in 1926 as compared with three 
other varieties after about 10 days in the germinator and Figure 2 
shows the germination of Manchurian Black Seed as compared with 
College No 1 in January, 1928. In examining these illustrations it 
should be recalled that the seeds were removed as soon as they germi- 
nated, so that a blank space represents a germinated seed It may be 
mentioned in this connection that the finding with regard to Pima is 
in line with the general experience of farmers in the Southwest. In 
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IS clear that the seed was affected adversely by weather conditions 
while the crop was maturing The effect was of such a nature as not 
to be detectable under conditions favorable for germination but easily 
detectable at low temperatures 

The considerations mentioned m the last two paragraphs may ex- 
plain at least m part some of the contradictory results obtamed with 
most of the upland varieties However, there seems to be no reason 
for thinking them important enough to bring into question the findmg 
concermng Pima, Gossypium nanking, or the stram of Cleveland men- 
tioned The performance of these strams w^as consistent throughout 
and extended through two generations m each case 

INDIVIDUAL VARIATIONS 

Further reference to Tables 1 and 2 discloses the fact that there are 
among the seeds of most, and probably all, varieties a few that will 
germinate a w’eek or more before the bulk of the germination occurs 
Whether this earlier germination has a genetic basis or is only the 
expression of chance environmental conditions can only be learned by 
breeding trials, which in the present case have not gone far enough to 
determine this pomt. In the case of Pima and other pure-line varieties, 
the latter is more apt to be the case than with the more heterogeneous 
varieties. Although a pure-hne variety may not have been selected for 
the character m question, still the repeated selfing employed in stabi- 
lizing it must have led to gametic purity m this regard as m others 
However, the data mdicate that variations occur often enough in the 
direction of increased ability to germinate at low temperatures to make 
comparatively easy the isolation by selection of strains notably strong 
m this regard, provided of course that such variations are in fact 
heritable Whether the isolation of such strains can be considered 
worthwhile will depend, of course, on whether the abihty m question is 
correlated wuth hardiness to cold m the seedling stage. 

EFFECT OF AGE OF SEED ON GERMINATION IN THE COLD 

As suggested above, age may affect the germination of cottonseed in 
the cold It is very dijBficult to arrange experiments to test this hypoth- 
esis, owing to the great difficulty of maintaining exactly the same 
temperature conditions for the germination of successive lots of seed 
and to the relatively large effect which small temperature mcrements 
exert near the minimum For this reason the comparative germination 
rates of successive samples of identical lots of seed can throw little 
light on the problem 

However, during the winter of 1926-27 old seeds of Pima and College 
No 1 were twice tested in comparision with seeds of the same varieties 
of the succeeding season’s crop (Table 2 ) With Pima the advantage 
in the first test was clearly with the younger seed, both as to rate of 
germination and number which germinated, in the second test the 
rates were practically the same With College No. 1 a larger early 
germmation was exhibited in both cases by the older seed, and in the 
first trial a greater total germination as weU In the second trial the 
total germination was about the same for the two lots. 

In 1927-28 some 1925 seeds of Piedmont Cleveland w^ere tested in 
comparison with selfed seeds grown locally m 1927 from the same lot 
The older seed germinated more promptly Figure 3 shows the two lots 
of seed on the tw’-enty-fourth day after they were put to germmate. 
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A possible explanation of some of the contradictory lesnlts men- 
tioned above lies in the fact, to be discussed below, that some of the 
data suggest that the germination performance of cottonseed varies 
after a year or so If this is true, the relative varietal performance 
might vary consideiably from time to time, depending on the relative 
age at which seed of the different varieties undergoes the change 
In this case, of course, it would be necessary to make vaiietal compari- 
sons before the seed of any had undergone the change mentioned 
Presumably almost an^^ time withm the first year after harvest would 
be safe 



Germination of seeds of CoUeije No lot Q2 (A), GossyptitmnanKing, C B 477, lot 5(1 
5 selection of the latter after 24 da\sat 12° G Samples originally contained 200 , 
300, and too seeds, respectively Seeds in (B) not considered m Table 2 ) Seeds grown at Clomson 
College in 192^, tost started December 16 and 17, 1927 


It IS probably true also that for a critical comparison of varieties 
where the difference is not very marked the seed should he grown in 
the same locality under as nearly identical conditions as possible and 
should be kept under identical storage conditions after picking It is 
interesting to note m this connection that in all cases where Kentucky- 
grown seed was tested in comparison with seed of the same variety 
grown elsewhere (Tables 1 and 2) the seed grown elsewhere germmated 
more quickly at low temperature But, owing to drought and ex- 
tremely high temperature, the cotton from which the Kentucky- 
grown seed was taken opened prematurely Thus, the indication 
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SOME FACTORS ASSOCIATED WITH THE BREEDING OP 
ANOPHELES MOSQUITOES' 

By G. H Bradley 

.Usociate Entomologiht^ Division of Insects Affecting Man and Animals, Bureau 
of Entomology, United States Department of Agriculture 


INTRODUCTION 

The fact that in a given locality Anopheles is found breeding in 
certain water areas and not in others, or sparsely m some areas and 
abundantly m others, has given rise to considerable con 3 ecture and 
no little investigation as to the causes of this condition. The present 
paper summarizes the results of tvro seasons’ observations in the 
vicmity of Mound, La This locality is m the northeastern part of 
Louisiana in what is known as the Louisiana Delta region Here 
the land is more or less flat, which accounts for the poor natural 
dramage and gives rise to numerous shallow lakes in the lower areas 
All of these areas are, to a greater or less extent, covered by tree 
growths The sti earns of the region are knowm as bayous. They are 
sluggish, havmg little or no current except after heavy rains, and 
are usually more or less overgrown with trees and brush, except in 
such stretches as have been cleared of this material Land-locked 
branches of bayous form sloughs which are similar to the bayous 
except that they are stagnant throughout the year and usually 
contain larger quantities of aquatic and semiaquatic vegetation 
These areas, all of which produce Anopheles to a greater or less 
extent, have been described in a previous paper (S) ^ 


METHODS OF OBSERVATION 

Observations on the occurrence and abundance of Anopheles at 
selected points, or “stations,” in these water areas were made monthly 
from May to September, inclusive, during 1928 and 1929. The 
larval abimdance rate was determined on the basis of the number 
of larvae taken in a collection of 10 dips of surface water, the dips 
being made with an ordmary white-enameled water dipper about 
5 mches in diameter At the time of each collection observations 
were made on the environmental conditions in the area, and the 
hydrogen-ion concentration of the surface water was determined 
A sample was taken of the top one-half mch of the water and this 
was carried immediately to the laboratory, where, after thorough 
shaking, 1 c c was placed in a Sed^ick-K after coimting cell and 
a count made of the number of organisms in 40 c mm of water, as a 
basis for computing the rate of occurrence of the orgamsms per cubic 
centimeter m the water After this count the organisms in a large 

1 Received for publication Aug 10, 1931, issued April, 1932 
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The older sample, at the higher temperature, germinated more poorly 
than previously What mhj perhaps be interpreted as confirmatory 
evidence is the fact, already mentioned, that the placement of vari- 
eties differed rather widely from test to test This result would be 
expected if the seed of one variety passed through the change more 
rapidly than that of another 

On the whole, while the data can not be claimed to prove that an 
improvement in the ability of cottonseed to germinate m the cold 



Figure 3 —Germination of 3-year old, lot 1 (A), and last season’s seed, lot 59 (B) of the vsame strain 
of Cleveland cotton aftei 24 dajs at 12® C Younger seed grown at Clemson College Test 
started December 17, 1927 


occurs as the seed becomes older, they do suggest that a slight improve- 
ment may occur which is distinct from anything in the nature of 
afterripening 

SUMMARY 

The mmimum temperature for the germination of cottonseed is 
approximately 12° C The increase in activity up to 15° is rapid 
Seeds that do not germinate at a given low temperature will often 
remain viable as long as two months or more under the unfavorable 
conditions 

Of all the varieties studied Pima and two varieties of Gossypium 
nanking exhibit the most rapid and most complete germination at low 
temperature A strain of Cleveland used repeatedly ranks well toward 
the foot Most of the upland varieties studied are intermediate, but 
owing to conflicting evidence it is impossible to rank them among 
themselves 

There are individual variations in the ability of cottonseed to germi- 
nate in the cold, which if hereditaiy and correlated with seedling hardi- 
ness, can be used in selecting for this latter character. 

There is some mdication that the rate and percentage of germina- 
tion in the cold increase with the age of the seed, at least for a year 
or two. 
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of which are devoid of aquatic vegetation the production of Anoph- 
eles ceases 

In the data given m Table 1 it is seen that the surface-water index 
for 1928 fell onl}^ gradually from May to August and was accom- 



Figure 1 —An Anopheles breeding place at the edge of a swamp lake Note how the df bris is 
becoming stranded as the water level grows lower 


pamed by a rising larval rate A rapid diminution of the water sur- 
face then occuiTed from x^ugust to September, attended by a falling 
larval rate. In 1929 the surface water decreased rather rapidly from 
May to August, as did the larval abundance rate. From August to 
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sample of the water were concentrated by either filtering or centri- 
fuging and the sediment was examined for the presence of other 
forms. Samples of algal patches and algae-coated sticks were also 
collected and examined 

In these examinations determmations, as far as genera when 
possible, were made of the forms observed, but those not readily 
fitting into the keys available were grouped only mto classes The 
Anopheles larvae collected weie taken, m water from the breedmg 
area, to the laboratory, determmed as to species, and dissections 
made of some, usually five, of the larger specimens in order to ascertain 
the nature of the food mgested. In only two instances were species 
other than guadrmaculatus found, and these were taken from areas 
where guadrvmaculatus also occurred In these two cases the gut 
contents were similar for all species 

INFLUENCE OF TEMPERATURE, PRECIPITATION, AND QUANTITY 

OP SURFACE WATER UPON ANOPHELES LARVAL ABUNDANCE 

RATES AND PLANKTON CONTENT OF THE WATER 

In summarizing the observations it has been assumed that tem- 
perature and other conditions mfluencing the activity of Anopheles 
during the five months from May to September, inclusive, are 
sufl&cienily constant to make all observations comparable. Table 1 
gives a summary of the larval collection records and plankton counts 
for the two seasons, arranged by months, together with pertinent 
meteorological data and a surface-water index. This index is the 
average of the width in feet of the vrater area at the various observa- 
tion stations, computed or measured when the larval collections 
were made. The records on plankton findings for each year are 
divided into two groups — those for the breeding stations where 
Anopheles usually were found, and those at stations located in 
impounded bayoii areas where, on account of special conditions, 
Anopheles larvae were consistently absent. 

The figures for 1928 show the monthly larval rate as having a sea- 
sonal rise and fall with the nse and fall of the mean air temperature, 
the highest rate being in August, when the highest mean temperature 
occurred For the following year, however, there are two peaks in 
the larval rate, one in May and the other in September, m which 
months the lowest mean temperatures occurred The writer has 
found from observations in this locality extending over a number of 
years that the variation in summer temperatures does not noticeably 
affect larval population as measured by dipping. In a previous 
paper (5) the larval rates obtained during t£u:ee other seasons are 
given and further illustrate this fact 

The summer rainfall in this region is not usually sufiScient to keep 
the surface-water areas from showing a steady decrease as the season 
advances This gradual decrease m water surface tends to keep the 
margins of the water areas more or less free from vegetation, which 
encroaches on the shore Ime in times of stationary or rising water, 
and to remove from the surface of the water large quantities of flo- 
tage which are blown to the margins by the wind. This is not re- 
floated, except in case of exceptionally heavy rains, until the high 
waters of the ensuing wmter. (Fig. 1 ) The lowering of the water 
level also gradually leaves the tree and brush covered marginal areas, 
particularly those of the lakes, dry; and in the lakes the central parts 
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Considering next the effect of temperature, surface water, and 
rainfall on plankton organisms (Table 1), it appears that there is a 
wide range of vaiiation when the data for a like group of stations for 
the two years or for unlike groups during the same year are considered. 
The mipounded-bayou group of stations in both years shows as a rule 
greater abundance of plankton than is shown by the breeding group. 
(Tables 1 and 2 ) This condition is associated with clear water 
surfaces and absence of shade (Fig 2 ) An increasingly greatei 



Figure 2 —View along a cleared and impounded bayou, showing absence of dfibns and vegetation. 
Such places as this are mosquito-free 


number of plankton organisms appears to be present m the water as 
the season advances and as the volume of water diminishes, but this 
increase is quite irregular and is caused no doubt by the common 
phenomenon of periodicity m certain species of orgamsnas. On four 
different occasions one collection was found to contain so large a 
number of one kind of organism that it colored the entire body of 
water at the station where it was taken. The high counts obtained 
m these mstances unduly affect the entire average and for compara- 
tive purposes are better omitted The averages obtained when these 
high counts are mcluded are shown in braces m Tables 1 and 2. 
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September, however, there was little fall m the surface water, making 
for more or less stable conditions in the breeding areas, accompanied 
by a rise in the larval index These conclusions are of course appli- 
cable only to conditions as they occurred in this locality during the two 
years under consideration, for it is known that under certain condi- 
tions the opposite may be true, that is, a lowering water level may 
increase larval abundance by making large central open areas in 
lakes suitable for the breeding of Anopheles One example may be 
cited of a large lake in which the early spring breeding was entirely 
marginal The bed of this lake was almost completely covered by a 
thick growth of Potamogeton and Chara, which early in the season 
did not reach the surface As the water became shallow, the long 
stems of these plants came to he 3 ust at the water surface, providing 
excellent protection for Anopheles larvae and giving rise to the most 
intensive breeding over hundreds of acres of water surface 

T4BLE 1 — Larval rates of Anopheles and qilanldon counts compared to tempeiatuie, 
precipitation, and smface loatei index at Mound, La 

(One coHpction of 10 dips made at each station each month) 

BREEDING STATIONS 



1 

O) 


<1 

a> 

'C 

1 Tcninera- 
turcb 

Aieragc number of organisms per (ubtc 

contureP'r 

Year and 
month ' 

s 

CO 

1 

s 

10- dip larval ra 

Precipitation 

s 

a 

1 

M 

Maximum 

Minimum 

Mean 

Total plankton 

Flagellates 

Ciliates 

Amoeboids 

Diatoms 

Chlorophyceae 

Cyanophyeeae 

Miscellaneous 

192S 

May 

13 

4 2 

Inches 
2 67 

340 

0 J, 

82 3 

op 
59 0 

°F 
70 7 

5, 169 

4, 602 

119 

3 

294 

141 

0 

0 

June 

13 

8 75 

8 941 

310 

86 6 

68 9 

77 8 

9,025 

4, 350 

450 

8 

909 

3,208 

96 

4 

July 

12 

12 4 

Ot 

274 

91 3 

70 7 

SI 0 

/ 5, 535 
\«43,366 

1)4,102 

266 

2 

865 

225 

/ 23 

\«36, 894 

} 62 

August 

13 

14 1 

1 90 

248 

93 4 

71 1 

82 3 

11,700 

! 7,444 
8,300 

6.64 

123 

1, »73 

1, 177 

175 

254 

September,. .. 

10 

6 4 

.89 

129 

83 6 

58 9 

71 1 

14,136 

612 

58 

3,430 

977 

175 

5S3 

1929 




i 












May 

12 

15 4 

2 83 

362 

82 2 

62 1 

72 2 

4,527 

3,713 

129 

4 

383 

277 

13 

8 

June 

12 

11 R 

2 76 

1 323 

89 2,66 7 

177 9 

7.415 

6,389 

4,450 

117 

4S 

1, 569 

219 

69 

4 

July 

11 

10 1 

4 51 

244 

92 2.69 8 

81 0 

9,432 

384 

27 

1, 298i 

1, 641 

1, 562 

70 

August 

a 

6 4 

1 82 

123 

93 2 66 6 

79 9 

f 16i 164 
\<*66.031 

k 575 

275 

18 

1, 432 

/ 5, 550 
b56.397 
5,287 

} 193 

121 

September 

4 

14 0 

1 10 

107| 

88 6 63 1 

75 8 

11, 069 

|3,238 

287 

0 

1, 082 

1,150 

25 


IMPOUNDED BAYOU STATIONS 


192S 

IMay 

June 

July 

August 

September 

1929 

May 

June 

Tuly 

August 

September. 


3 


3 

3 

2 

3 

2 



100 

0 

100 

50 

0 

0 

450 

0 

1, 292 

7, 667 

i 991 

0 

583 

0 

800 

1,133 

42 

0 

600 

0 

1, 183 

1,317 

! 200 

0 

1, 6S3 

0 

5, 992 

2,483 

350 

450 

167 

17 

550 

133 

42 

0 

483 

0 

11,400 

975 

508 

0 

238 

12 

612 

o{i 

12 

o500,008 

} « 

433 

0 

975 

3, 609 

14, 900 

50 

425 

0 

925 

2, 425{ 

75 

“460,050 

}« 


Including the count from 1 collection \v Inch contained an extremely large number of 1 group of organisms 
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larval rates (11 plus), it is seen that theie is little difference in the 
average plankton population per cubic centimeter of these two gi oups 
w^hen the total plankton is considered. In the individual classes of 
organisms the major differences m the rates of occurrence are not 
constant when one year is compared with another except in the case 
of the Chlorophyceae, and here, by the elimination of an additional 
high record fiom the low breeding group for each year, tliis apparent 
constant difference may be ehminated (The average of 1,725 in 
1928 becomes 439, and the average of 1,720 in 1929 becomes, 1,111 ) 

While it might appear logical to conclude that the absence of feeding 
hj the larvae was responsible for the higher plankton rates in the 
nonbreeding groups of stations, it is believed that the environmental 
conditions prevalent in these areas were the principal cause of the 
large plankton population In the impoimded bayous the water is 
unshaded and has no aquatic vegetation to cover its surface ^ This 
condition, of course, favors more rapid growth and multiplication of 
the chlorophyll-bearing organisms than occurs in shaded or partly 
shaded areas in which most of the Anopheles breeding takes place 
hereabout The group of observations made when Anopheles were 
temporararily absent also shows a high plankton count in each year. 
This may be explained by the fact that a part of the observations m 
this group were made at stations where the water had receded from 
margmal shaded areas in which larval protection had occurred and, 
at the time of observation, presented conditions similar to those in 
the cleared and impounded bayou areas previously mentioned 

RATE OF OCCURRENCE OF THE FOUR COMMONEST PLANKTON 

GENERA IN ANOPHELES BREEDING AND NONBREEDING 

WATERS 

In comparing the records on the rate of occurrence per cubic centi- 
meter of the more common plankton genera with the absence of and 
the presence in increasing numbers of Anopheles larvae, no definite 
trends were found The data in Table 3 illustrate this condition as 
it occurred in four of the most common genera of the flagellates In 
this table the findings are grouped into the same divisions in legard 
to larval findings as are used in the latter part of Table 2. The aver- 
age numbers of these genera per cubic centimeter are given and also 
the percentage of the total flagellate population of the water that 
these four genera represent The data show that these genera are 
present in abundance in each of the groups of observations and that 
they compose practically the same percentage of the total flagellate 
population in each group, with the exception of a low percentage in the 
impounded-bayou group of stations in 1929. This is caused by larger 
counts of less common genera and not by any lack of abundance of 
the genera under consideration It is also noted that the temporary 
non&eeding-station group in each year had a high flagellate popifla- 
tion, and this may be e^lained by the fact that some of these areas 
are bodies of water having very little shade and are sometimes more 
or less fouled by the wallowing of ammals. This type of location 
has been found to be particularly smtable for the development of 
large numbers of flagellates, particularly Euglena spp , which often 
become so abundant as to color the water green. 
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Tabli: 2. — Aveiaqc tt umber of planllon otqanisnis as compnial to laival ahundavee 
latcs of Anophclci at Maundy La 


Larval abun- 

ddDce per 10- Average number of organisms per cubic centimeter 


Year and num- collection 
ber of obsei \ a- 


tions 

Range 

Rate 

Total 

plankton 

Flagel- 

lates 

Cihales 

Vmoe- 

boids 

Dia- 

toms 

Chloro- 

])lnceae 

C\ano- 
pln ceae 

JMiscel 
Ian eons 


1928 











15- 


(") 

0 

11,847 

6 354 

683 

0 

1,873 

2, 530 

317 

90 

10- 


0 

0 

10,927 

7, 302 

532 

25 

2, 174 

574 

205 

115 

16- 


1-5 

2 13 

r 8, 407 

1 ft 37, 160 

} 4,500 

458 

17 

736 

2, 552 

/ 25 

1 ft 28, 221 

} 119 

13- 


6-10 

7 46 

8,535 

^ 6,194 

271 

37 

929 

706 

94 

304 

9— 


11-15 

13 33 

6,672 

4, 511 

328 

47 

1,203 

355 

01 

167 

3... 


16-20 

18 67 

12, 592 

10, 625 

633 

17 

642 

567 

108 

0 

6— 


21-25 

23 50 

10, 129 

4, 154 

400 

146 

3, 712 

1,367 

167 

183 

3.„ 


26-30 

28 30 

9, 275 

6,660 

433 

0 

1, 284 

800 

0 

108 

1 — 


Sl-35 

33 00 

3,100 

2,475 

375 

0 

200 

50 

0 

0 

13- 

1929 

(«) 

! 0 

f 14,742 
!«= 205,707 

] 6, 113 

1 I 

352 

6 

3,219 

1, 461 

/ 3, 579 

1^93,102 

12 

9-_ 


0 


17, 975 

11,028 

383 

14 

1,211 

4, 103 

1,236 


9— 


1-5 ! 

3 22 

/ 7,819 

1 ft 48, 548 

j 2, 555 

292 

8 

1, 578 

/ 3,014 

\ ft 43, 945 

} 361 

11 

S-. 


6-10 ’ 

1 7 60 

5,812 

• 3, 125 

87 

40 

2, 050 

266 

141 

103 

9.„ 


11-15 

13 00 

8,888 

6,488 

255 

14 

639 

1,275 

192 

25 

1 — 


16-20 

19 00 

2, 725 

1, 975 

0 ; 

200 

550 

0 

0 

0 

3— 


21-25 

24 00 

5,517 

4,059 

92 

0 

558 

92 

683 

33 

2— 


26-30 

28 00 

2, 963 

1,125 

63 

0 

537 

1,000 

238 

0 

1 — 


31-36 

32 00 

4,100 

950 

25 

0 

326 

1,925 

300 

675 

2— 


36-40 

38 00 

4. 838 

1,238 

150 

100 

325 

1,000 

2,026 

0 

2-. 


41-45 

42 00 

3, 400 

i 2,838 

225 

0 

262 

75 

0 

0 


COMPARISON OF LOW WITH HIGH BREEDING STATIONS (ONE COLLECTION 

OMITTED EACH YEAR) 


1928 

29 

1-10 

4 55 

8,465 

5,260 

374 

26 

822 

1, 725 

50 

202 

22 

11-35 

19 70 

8,616 

6,448 

406 

61 

1,776 

707 

85 

133 

1929 

17 

1-10 

5 30 

6,875 

2,824 

196 

24 

1,800 

1,720 

257 

54 

20 

11-45 

22 SO 

1 6,289 

4,195 

174 

27 

527 

891 

430 

45 


« Impounded bayou Including 1 high count « Including 2 high counts 


COMPARISON OF LARVAL RATES AND PLANKTON COUNTS 

Table 2 gives a summary of the results of the organism counts for 
the two seasons under consideration, as compared to larval population, 
irrespective of environmental conditions in the breeding areas The 
data are divided into three groups, viz, those made in the cleared and 
impounded-bayou areas where Anopheles was consistently absent, 
those made m areas where Anopheles was usually found but for some 
reason w^as temporarily absent; and those made m areas where 
-Amopheles was present. The observations in the last group are 
divided into subgroups based on increasing larval population. 

In addition to showing the general tendency for the nonbreeding 
waters to have a higher plankton content than the breeding waters, 
the data given in this table seem to indicate that among the breeding 
stations those having the greatest larval population have the lowest 
plankton population, this bemg true whether the total plankton or a 
major class of organisms is considered. By summarizing these 
records further, however, and makmg only two subgroups of breeding 
stations, viz, those with low larval rates (1-10) and those with high 
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larval protection maj" be alternately present and absent in the same 
location This same process is in effect, of course, with the largei 
debris but to a lesser extent, as this material, especially the fallen 
trees and logs, tends to become lodged or anchored in place Figure 3 
shows an Anopheles breeding place formed by collections of debris. 

Of the plants that serve as protection for Anopheles larvae, the most 
important perhaps are the filamentous algae which grow at or ]ust 
below the surface film of the water (Fig 4 ) Anopheles larvae 
usually thrive in their presence Ceratophyllum, Potamogeton, 
Chara, and others of the largei plants which grow iii the watei and 
parts of which come to he at the water surface, piovide protection in 
essentially the same manner as the algae Floating plants, such as 
Lemna, Heterantheria, Wolffia, Azolla, etc , can not be considered as 
effective protection for Anopheles larvae because of the fact that 



Figurf 3 — \n uncleared bayou during high water, showing collections of Anopheles-shcltenng 

debris 


their leaves he on top of the water surface and therefore do not hide 
the larvae fiom then enemies in the w’ater. Patches of such plants, 
however, when not too dense, usually haibor attached algae or other 
materials which favor mosquito breeding Furthermore, these algae 
and other materials tend to keep the leaves of the floating plants from 
forming a compact surface mat which would mechanically inhibit the 
production of Anopheles In the same manner, plants such as 
Castalia, Nelumbo, Saururus, grasses, etc , which root on the bottom 
and extend to or through the water surface, while not of themselves 
providmg much protection, serve as attachment and lodging for 
other protective materials 

Plants which have large root and stem masses below the water 
surface and send shoots above the water, sometimes m such profusion 
as to hide the water surface entirely, may or may not provide good 
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T^ble 3 — Occimence of the foiu commonest flagellate geyieia, compared to Anoph’^ 
eles laival abundance. Mound, La , 1928 and 1929 


Year and station group 


lt)2S 

Impounded ba’sou.. 
Other nonbreeding.. 
Low lar\ al density 
High lar\ al density.. 

1929 

Impounded bavou.. 
Other nonbreeding.. 
Low lar\al density.. 
High lar\ al density. 




Aver- 

Average rate per cubic centimeter 

Obser- 

va- 

tion^ 

Lar\ al 
range 

age 

per 

10-clip 

collec- 

tion 

Eu- 

glena 

Tri 

chelo- 

monas 

Chla- 

mydo- 

monas 

Phacuh 

Total 

of 

four 

geneia 

Total 
of all 
flagel- 
lates 

Ku m- 
her 

Hi 

Oj 


1,440 

2,127 

510 

J23 

4, 220 

6, 353 

10 

ol 

1 

3,040 

1,309 

592 

312 

5, 253 

7,302 

«29i 

1-101 

1 4 6| 

1,234 

1,700 

336 

155 

3, 425 

5, 260 

22 

11-35 

19 7 

1,793 

1,026 

1,207 

60 

4,086 

5,446 

15 

1 

o: 

l,320i 

935 

1,348 

167 

3, 770 

6,882 

9 

0 


5,097 

1, 328 

1,281 

447 

8, 153 

11, 028 

« 17 

1-10 

5 3 

522 

588 

922 

102 

2, 134 

2, 824 
4, 195 

20 

11-45 

22 8 

831 

1 

921 

1,231 

124 

3, 107 


Per- 
cent* 
age of 
total 
flagel- 
lates 


66 42 
71 94 
65 12 
75 03 


54 78 

73 93 
75 57 

74 07 


“ I observation omitted, as m Table a 

EFFECT OF IMPOUNDING WATER ON ANOPHELES BREEDING 

The fact that the waters of this locality are well stocked with the 
mosqiuto-destroying fish Qamhusia affims Raf makes it necessary 
that protection of some sort be afforded Anopheles larvae before 
development can take place This was well illustrated by Van Dine 
(7), who cleared and impounded a 1-mile section of one of the bayous 
near Mound and thereby eliminated the production of Anopheles in 
the area (Fig 2 ) This section was completed in 1916, has been 
under observation continuously since that time, and has maintained 
itself mosquito free Although other factors in addition to those of 
lack of vegetation and debris may be concerned in bringing about this 
condition in cleared and impounded areas generally, it is certain 
that unless protected from their enemies Anopheles larvae do not 
develop in numbem in this vicinity. 


DISCUSSION OF FACTORS IN LARVAL PROTECTION 

Protection for larvae is afforded in waters in their natural state 
hereabout by floating vegetable debris, and by plants which grow 
on or at the surface of the water in such a manner as to conceal the 
larvae from their enemies Floating debris may be more or less 
readily divided into two classes, viz, ^Targe” debris and small” 
debris. The former consists of logs, fallen trees, sticks, leaves, etc ; 
it does not form a particularly compact mass on the water surface 
and IS not as effective in protecting the larvae as is the small debris 
The latter is composed of small rotting particles of vegetable matter 
resembhng very coarse sawdust which collect on the water surface 
and form^ mats of various sizes, in which the larvae are well protected 
from their enemies Floating d4bris is much affected by wind and 
by the rising and falling water levels caused by alternating periods 
of rain and drought. In open areas and in the absence of vegetation 
or large debris to serve as anchorage, a wind will sweep the smaller 
material to shore, ^ where a lowenng water level will shortly strand 
it until a later rain causes the water to rise In this manner good 
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algae, etc , which afforded excellent protection for laivae A period 
of drought caused the marginal areas to become dry, and afterward 
intensive breeding occurred all over the Castalia-covered area 

PLANTS AS CULICIDES 

A summary and discussion of the literature on the larvicidal effect 
of plants on mosquitoes has recently been published by I^fatheson ( 4 )* 
It IS clear from his discussion that certain plants are definitely asso- 
ciated with lack of mosquito breedmg in ceitain localities and not in 
others, in spite of considerable work on the subject, however, the 
exact factors causing these conditions are still unknown It is 
impossible at the present time to ascribe to any of the plants growing 
hereabout definite larvicidal qualities agamst Anopheles mosquitoes, 
except those that are involved in limiting breedmg in a purely mechan- 
ical manner, as will be shown later. 

EFFECT OF DEBRIS AND OF ALGAE AND OTHER PLANTS ON 
LARVAL ABUNDANCE RATES AND PLANKTON CONTENT OF 
WATER 

Table 4 shows the effect on the larval abundance rates of the pres- 
ence and absence of debris in the breeding areas, irrespective of other 
protective agents, and also the effect of the presence of filamentous 
algae within each of these groups It is here shown that m the areas 
lacking protective material no Anopheles breedmg occurred and that 
in the areas contammg large debris only the larval rate was much 
lower than in those where both large and small debris occurred. When 
filamentous algae are present with large debris the effect is to increase 
the larval rate considerably; w'hen they are present with large and 
small dfibris, however, the larval rate is not essentially different than 
it is m their absence These findmgs mdicate that small debris and 
filamentous algae afford about the same degree of protection to 
xAnopheles larvae The percentage of large or mature larvae foimd 
in larval collections from the breedmg areas is given to show that 
protection is afforded the insects by these conditions throughout 
larval life. 

Table 4 — Effect of dShris and algae on laival abundance rates at Mounds La j 

1928-29 


Num- 
ber of 
obser- 
vations 

Protective material 

Larval 
rate per 
10 dips 

Large 

larvae 


None 

Number 

0 

Fer cent 

0 

48 

Large d6bns 

S 6 

23 3 

54 

Large and small dfibria ‘ 

13 01 

23 7 

21 

Large d€brit>, no algae 

5 4 

26 9 

27 

Large debris, with algae - 

11 2 

21 7 

14 

Large and small dSbris, no algae - 

13 9 

20 8 

40 

Large and small dfebris, with algae - 

12 8 

24.6 



Table 5 gives additional data on the occurrence of Anopheles larvae 
with protective materials and also shows the nature of the plankton 
content of the water in each of the groups of breeding areas. This 
table shows that the larval abundance rates in the groups having 
large debris alone, those having grass, weeds, etc., and those having 
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lurval bleeding aieas In this class aie sucli plants as Jussiaea, 
knotweed, smaitweed, climbing hempweed, etc Jussiaea, lor in- 
stance, by its habit ol growth seems to offer excellent protection for 
larvae, and, when only small quantities of it are piesent in an area, 
larvae of all sizes are likely to be found among its algae-coated stems 
and roots However, when an area becomes thickly covered with 
this plant, even though conditions in spots appear favorable, Anophe- 
les breeding is often very sparse or wanting While this plant grows 
luxuriantly under a variety of conditions, it shows a particular 
tendency to grow rapidly and to form a dense covering over the water 
surface in newly cleared or in cleared and impounded areas For 



riGXJKE 4 —A patch of green algae mingled with dfibns Anophelob lar\ae aie usually abundant 

m such locations 


some reason this luxuriant growth has not been obseiwed to persist as 
a 1 iile in the same location for several successive years. 

ADAPTABILITY OF LARVAE 

Our common Anopheles mosquitoes are undoubtedly adaptable to a 
wide variety of breeding places, and, lacking their preferred habitat, 
they may leadily choose another; that is to say, the fact that Anoph- 
eles larvae are not found in a certain location is no reason for believ- 
ing that conditions in that area are such that they can not develop 
there. For example, in the course of airplane dusting operations a 
few years ago it was found that whereas the shrub and Nelumbo 
covered marginal areas in a large lake were breeding Anopheles, no 
larvae were present in a large central area of the lake which was more 
or less covered with growths of Castalia Both areas had a thick 
subsurface growth of Ceratophyllum, Potamogeton, Utriciilaria, 
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Table 5 also shows the effect of large and small debris, alone and m 
combination with other protective agents, on larval rates and. on the 
plankton content of the water When small debris is found in asso- 
ciation with weeds and grass or with algae the rates of larval abun- 
dance are not markedly different from those m similar groups but 
with only large debris present In those groups that combme large 
and small debris with the algae (as m the lower part of Table 5), tne 
group showmg blue-green fflamentous algae has a low larval rate 
However, the group in which blue-green filamentous algae were 
found mixed with green filamentous algae had much higher rates 
than the groups that had green algae alone. This fact would seem 
to mdicate that if there is any relation between the presence of fila- 
mentous blue-green algae and the scarcity of Anopheles larvae, this 
deterrent mfluence is overcome hereabout by the presence with it of 
green algae 

The data on plankton organisms show that each of the groups is 
well supplied with plankton food for the larvae, and that the groups 
having the highest laival rates tend to have the lowest plankton 
counts, as has been previously noted It is not believed that this 
condition is particularly significant, except as it indicates that in this 
locality the most favorable breeding conditions occui m nioie or less 
shaded areas, while the chlorophyll-bearing organisms become more 
abundant where the water surface is open. 

EFFECT OF CYANOPHYCEAE ON LARVAL ABUNDANCE 

Table 5 shows that filamentous blue-gi'een algae, when unassociated 
with green filamentous algae m the breeding areas, apparently limits 
the production of Anopheles This might readily be ascribed to the 
fact that the growth habit of the filamentous Cy anophyceae is such as 
to give very little protection to the larvae, smce the patches of blue- 
green algae when found alone ai’e usually small and are easily blown 
about by the wind, or when growing attached to debris they usually 
form only a very nanow frmge However, Boyd {2) reported a nega- 
tive i elation existmg between the unicellular Cy anophyceae and anoph- 
eline larvae, and recently Allison and Morris (f ) liave shown that 
blue-green algae possess the power of nitrogen fixation In studying 
some factors in mosquito ecology, Senior-White {6) reached the con- 
clusion that ‘^saline ammonia is inhibitory to Anopheles breeding, save 
m the case of the rossi group, m amounts exceeding one part pei 
million ” It may be, therefore, that in the areas hereabout where 
large quantities of Cj'anophyceae are present, the water is given 

saline amnionium content sufficient to make it unfavorable for 
Anopheles production 

EFFECT OF LEMNA ON LARVAL ABUNDANCE 

The effect of the presence of Lemm spp m various quantities 
on larval abundance and on the plankton content of the water is 
shown m Table 6 In this table the observations on the abundance 
of this material have been divided into four groups, viz, those without 
Lenina (0), those with only scattered patches (+), those with an 
abundance but not sufficient to give the water a continuous surface 
mat (4- +), and those with a complete surface mat of the plant ( + + + ) 
It IS noted that the presence of considerable quantities of this material 
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filamentous blue-green algae with and without weeds and glass are 
somewhat similar for both the years under consideration In the 
groups with filamentous green algae alone, and those with a imxture 
of the green and blue-green material, the figures for the two years are 
not at all alike In 1928 the presence of blue-green algae appears to 
have had a somewhat mhibitive effect on Anopheles breeding, as the 
stations having this material alone gave the lowest larval rate of any 
group in which filamentous algae were present, while those with green 
algae alone had a very high rate, and those with a mixture of the two 
lorms had an abundance rate indeterminate between the two In 
1929 , however, the effect of the presence of blue-green algae is not so 
clear, because, while the group of stations in which this material was 
found alone gave a lower rate than that m which green algae appeared 
alone, as in 1928 , the group having a mixture of the two forms had 
the highest abundance rate. Large debris alone does not appear to 
affoid very effective larval protection, but weeds, grass, etc , do The 
presence of visible patches of filamentous green algae with large debris 
greatly increased the larval rate, either when found alone or when 
mixed with blue-green algae When no algae other than blue-gieen 
was observed the larval density w^as much lower than that of any 
group in which algae occurred in association with debris 

Table 5 — Effect of dihris and othe? matenals on Anopheles abundance rates and 
plankton content of the water, Mound, La 


WITH LARGE DEBRIS ONLY 


\ eai and 
obber\ ations 

Lanae 

pel 

10-dip 

collec- 

tion 

Visible hla- 
nientoiis 
ilgae 

Grass 

weeds, 

etc 


Oiginisnib pel cubic centimeter 



Green 

Blue- 

green 

Total 

plank- 

ton 

Flagel- 

lates 

Clll- 

ates 

\moe- 

boids 

Dia- 

toms 

Chloro- 

phy- 

ceae 

J? 

Mis- 

cella- 

neous 

]02S 















2 () 

— 

_ 

— 

5,024 

4, 072 

417 

50 

555 

269 

11 

250 

f) 

10 2 

— 

— 

H- 

5,829 

3, 917 

325 

4 

1,425 

154 

4 

0 

2, . - 

4 1 

— 

+ 

hdb 

30, 350 

9,212 

125 

213 

1,350 

18, 237 

250 

963 

f) « 

7 8 

+ 

4- 

=h 

13, 70S 

8,221 

625 

125 

2, 746 

1,446 

325 

220 

7 

18 1 

+ 



8,400 

4, 125 

354 

18 

2, 357 

1, ISO 

193 

161 














2 « - 

0 

— 

— 

— 

18, 225 

12, 688 

360 

0 

150 

97 

5, 000 

0 

4 

8 0 

— 

— 

-h 

8,808 

7. 350 

225 

8 

717 

407 

8 

33 

2. 

f) 0 

~ 

-1- 

± 

fl, 050 

2,750 

163 

13 

2, 575 

387 

25 

137 

3 

Ih 0 

+ 

+ 


4,625 

825 

100 

()7 

275 

1,807 

1,483 

8 

f> 

9 9 



dz 

16, 676 

6,058 

292 

50 

2, 1% 

7, 292 

692 

9(5 




W ITII L 

VRGE 

VND SM iLL DEBRIS 









1 





1 



4) - 

14 2 

— 

— 

— 

6, 200 

1,640 

200 

5 

940 

455 

20 

0 

Cf. 

10 i 

— 

~ 

-h 

, 12,925 

11, 225 

675 

33 

492 

407 

33 

0 

0 


__ 

+ 

=fc 










17 5 

+ 

H- 

± 

5, 759 

4, 142 

217 

0 

800 

400 

75' 

125 

u - 

8 0 

+ 

— 


7,223 

5, 546 

377 

26 

677 

418 

48 

131 

1929 













6 

14 0 

-- 

— 

— 

7,977 j 

2,533 

417 

17 

844 

3, 812 

312 

42 

0 


— 

— 

-h 









2 

2 0 




I 10,326 

5,612 

513 

0 

2,063 

2,075 

63 

0 

9 

22 0 


-h 

d= 

1 4,707 

2,872 

117 

3 

928 

364 

355 

()8 

9 

13 1 

1 + 


± 

! 6,055 

4,958 

153 

31 

858 

47 

5 

3 


“ 1 observation omitted 

Plub-mmus signs indicate that some of the dips of the lO-dip collection contained grass, weeds, etc , 
while m other dips this material was absent 
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Figure 5 —Lemna spp in abundance on water surface, a good environment for Anopheles 



Figure 6 ~A small lake with the w ater surface entirely covered by Lemna spp Anopheles lar\ ae 
are eiceedmgly scarce or entirely absent m such places 
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(Table 6 (+ + ), fig 5) usually indicates good breeding conditions for 
Anopheles, while a complete surface mat (Table 6 (+ + +), fig 6) of 
Lemna effectively checks breedmg It would also appear fiom the 
records of 1928 that even small quantities of Lemna (Table 6 ( + )) 
tend to mcrease larval rates This condition was reversed in 1929, 
however, and it is believed that m general the quantity of Lemna 
piesent m locations of this type has no particular effect on larval 
protection and abundance That larvae reach maturity in all those 
environments except that having a complete surface mat of Lemna is 
shown by the percentages of large, or approximately mature, larvae 
occurring in the collections 


Table 6 — Effect of Lemna on larval rates and on plankton counts per cubic centi^ 
meter in Anopheles breeding areas at Moundy La 


Year and 
number of 
obser\ations 

Larvae 


Quan- 
tity of 
Lemna 



Organisms per cubic centimeter 



m 10“ 
dip col- 
lections 

Large 
lar\ ae 

Total 

plank- 

ton 

Flagel- 

lates 

Ciliates 

Amoe- 

boids 

Dia- 

toms 

Cbloro- 

phjeeae 

Cjano- 

phyceae 

Mis- 

cella- 

neous 

1 

192S 



1 

i 

1 8 17 

1 

2^er cent 
29 3 

0 

21,970 

0,867 

j 

434 

17 

1,437 

1,684 

li,425 

](K) 

17 

11 35 

28 5 

+ 

7,362 

4,683 

386 

95 

1,086 

768 

67 

277 

e 

15 67 

30 8 


7,958 

3, 546 

629 

21 

2,541 

94f) 

75 

200 

3 

33 

0 

+4-1- 

1,875 

1,175 

108 

0 

325 

200 

0 

67 

1929 












25 

12 72 

21 7 

0 

9,030 

4,950 

235 

4 

801 

2,304 

721 

15 

18 

7 22 

17 7 

+ 

31,977 

5, 777 

240 

42 

1,726 

24,066 

76 

61 

4 

25 75 

6 8 

++ 

4,550 

1,244 

87 

50 

469 

1,381 

1,175 

144 

0- 



+++ 
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Lemna in large quantities causes lack of activity among chloro- 
phyll-bearing plankton by cuttmg off most of the sunlight from the 
water surface. This is illustrated by the figures in plankton density 
given in Table 6 As usual, the highest plankton counts are associated 
with the lowest larval rates except in the case of the group in which a 
complete mat of Lemna covers the water surface; hero, on account of 
the absence of sunhght, the plankton count is low and, for mechanical 
reasons, Anopheles larvae are exceedingly scarce. If the observations 
on the occurrence of Anopheles larvae with Lemna are separated into 
groups on the basis of those made at stations having large debris in 
addition to Lemna and those made at stations having both large and 
small debris in addition to Lemna, it will be found that the same 
general conclusions with respect to abimdance of Anopheles in the 
presence of mcreasing quantities of Lemna apply. 

HYDROGEN-ION CONCENTRATION OF WATER IN RELATION TO 
PRESENCE OF ANOPHELES LARVAE 

At the time of each observation on larval abundance a hydrogen-ion 
determination of the water was made by the use of a LaMotte colori- 
metric set. Table 7 gives a record of these determmations, which are 
divided into three parts — those made in the impounded areas, those 
made in areas from which Anopheles was temporarily absent, and 
those made in areas in which Anopheles was found The data show 
that the waters in this locahty do not have a particularly wide pH 
range and that they are predominantly alkalme in reaction in each 
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condition of the organism in the laival gut and consequently the 
chance of its being recognized In watching, under the microscope, 
larvae in the act of feeding, no selection of food particles was observed, 
the larvae ingesting whatever was presented, provided it was of 
suitable size The larvae feed upon filamentous algae in two ways 
Sometimes they ingest the entire filament and sometimes they run 
a filament between the mandibles, chewmg and suclang out the cell 
contents as the filament goes through the mouth, and then discard 
the enapty filament It is of course impossible to identify any 
material subjected to this latter method of treatment '?\Tien the 
entire filament is ingested, however, a sufficient number of cells 
remam intact to make identification possible 

T\ble 8 — Organisms of Anopheles heeding areas^ and those found in larval 

dissections y Mounds Ln 


Xumber of times 
encountered 


Xumber of tunes 
encountered 


Organism 

In 

\v ater 

Cyanophyceae 


Anabaena 

16 

Lyngyba 

8 

Nbstoe 

7 

Oscillana 

12 

Chroococcus 

3 

Merismopoedium 

3 

Synechoo’ystis 

0 

Others 

3 

Chlorophyceae 

Actinastrum 

3 

Ankistrodesmus 

1 

Arthrodesmus 

1 

nharacuim . - 

2 

Chlorobotrys 

0 

Chlorococcus 

2 

Chlorella 

2 

Closterium - 

12 

Coelastrum 

3 

Cosmanum 

5 

Crucigema 

9 

Dictvsphaerium 

1 

Euastrura 

1 

Gleocystis 

2 

Kirchnenelia— 

1 

Ophiocjtium.. 

12 

Oocystis-- 

0 

Pediastrum 

12 

Planktosphaera 

1 

ftppnpd pQTTi n s 

16 

1 

Staurastrum 

Tetraedron 

16 

Tetraspora 

2 

Xanthidium 

1 

Cladophora 

2 

Hormidium 

1 

Mougeotia - 

8 


In gut 
andm 
water 

In gut 
OIll\ 

Organism I 

i 

i 

In 

w ater 

3 

0 

C hlorophy c eae— C on tin ued 
Oedogonium 

"29 

1 

0 

Spirogyra 

26 

2 

0 

Tnbonema 

10 

7 

1 

Ulothrix 

6 

1 

0 

Vauchena ‘ 

5 

0 

1 

Others i 

30 

0 

1 

Diatoms j 


0 

0 


63 

0 

0 

Filamentous j 

Protozoa I 

11 

0 

0 

Amoeboid — 1 


0 

0 

Arcella i 

19 

1 

1 

DifiQugia 1 

8 

0 

1 

Flagcllata— 


0 

1 

! Ceratium 1 

2 

1 1 

1 0 

1 Chilomonas ' 

14 

4 1 

I 4 

Chlamydomonas,- ] 

45 

1 

: 1 

, Cryptomonas 

1 

3 

2 , 

1 Dmobrjon 

i 2 

2 

1 

Euglcna - . 

60 

1 

0 1 Eudonna--- 

14 

1 

0 

Glenodiniuni 

18 

0 1 

0 

' Gonium 

1 y 

1 1 

0 

Mallomonas 

1 

0 

0 

Notosolenus 

1 

0 

1 

Pandorina 

16 

2 

0 

' Phacus 

3S 

0 

0 

, Plstydorma 

4 

3 

1 

' Pleodorina 

2 

1 

0 

Svnura 

11 

0 

1 

! Trachelomonafa 

62 

0 

0 

! Urceolopsis 

6 

0 

0 

1 Uroglena 

1 

0 

0 

1 Others,.- 

50 

0 

0 

Pollen 

7 

1 

1 

1 Spores 

13 



15 12 

8 0 

1 1 

1 1 

1 0 

11 0 

53 0 

4 1 


10 20 

1 3 

0 0 

1 0 

26 1 

0 0 

0 0 

45 0 

1 1 

1 0 

2 0 

0 0 

0 0 

2 2 

21 2 

1 0 

1 0 

1 0 

39 0 

1 0 

1 0 

7 1 

4 5 

11 22 


It is believed that the difference in the character of food materials 
rather than the exercise of any preference on the part of the larvae 
accounts for the fact that some available organisms are recognized in 
the gut m a larger percentage of cases than others which are appar- 
ently as readily available for food Hard-shelled organisms such as 
diatoms and certain protozoans are not easily crushed and are nearly 
always found in gut examinations when they are present m the water, 
while soft-bodied ciliates and the rarei flagellates are seldom recog- 

113G61--32 2 
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group of stations Most of the pH values m the impounded areas arc 
slightly higher than in the other groups, the mean being 8 01, while 
the mean in the breeding areas is 7 42 Undoubtedly the higher pH 
value m the impounded areas is connected with the higher plankton 
content of these areas, as it is known that the photosynthetic action 
of the algae decreases the hydrogen-ion concentration of waters m 
which they occur In Table 7 the readings have been divided, for 
each group of observations, into those made in the morning and those 
made m the afternoon The afternoon readings in each group have a 
somewhat higher range than the morning readings, illustrating the 
diurnal variation in hydrogen-ion concentration discussed by Mathe- 
son and Hmman (5) The data give no indication that the hydrogen- 
ion concentration is essentially different in the breeding and non- 
breeding waters The five highest readings in the breeding areas 
were associated with high larval rates (from 14 to 37 per 10 dips), 
Except for these, there was little or no correlation between larval 
abundance and either high or low readings 


T^ble 7 — Hydvoqen-ion concentration of watei aieas at Moiindy La.y 1928 and 1929 


iSidt ion 

Tiino of dcu 

Number of observations in ^^hlch the pll reading'* 
came ^Mthm the indicated ranges of hydrogen-ion 
concentration 

bS- 

b9 

70 

71- 

72 

73- 

74 

7 5- 
7b 
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78 
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80 
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82 
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84 

8.5- 

8b 
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88 
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9 0 

m- 

9 2 

Impounded bayous 

Morning 

1 


1 


4 

4 

2 

2 

1 



3 



Afternoon 





1 

2 

4 

3 





2 

other nonbreedmg area<! 

Morning 

0 

2 

5 

2-1 

2 

1 


L— 

1 


1 




\fternoon 


1 




1 

3 

1 






Breeding areas 

Morning 

---- 

10 

’s' 

12 


8 

1 

1 







Afternoon 


0 

6 

9 


4 

1 


— - 

’1’ 

„ 1 

1 


.... 


RESULTS OF LARVAL DISSECTION STUDIES 

Dissections were made of 31 lots of larvae in 1928 and of 32 lots 
in 1929 (a total of 272 larvae) to ascertain the nature of the food 
ingested The larvae were not killed at the time of collection but 
were placed in water from the collecting area, brought immediately 
to the laboratory and cxaimned In making these dissections a 
larva was placed in clear water, the head and the last two or three 
abdominal segments were removed, and then by the use of needles 
and forceps the gut was drawn out, placed in a drop of clear water 
on a slide, and the contents squeezed out A cover glass was then 
apphed and the mount examined, A summary of the results of 
these dissections is given m Table 8. 

This table shows the number of times each genus of organism was 
found in the water from the collecting areas, the number of times 
the genus was represented in the gut contents of the larvae examined 
from these locations, and also the number of times the genus was 
found in the larvae when not observed in the water sample It is 
seen from these records that most of the genera, whether commonly 
or rarely present in the breeding areas, are hable to ingestion by the 
larvae Whether this is by choice or chance is problematical The 
amoimt of maceration undergone by an organism m the mouth of a 
larva and its degree of digestibility undoubtedly influence greatly the 
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in composition between the two groups were found, nor were any con- 
sistent dift'erences observed between the breeding waters having high 
and those having low larval rates Data are given for the flagellate 
Protozoa, showing that the four commonest genera within this class 
compose approximately the same percentage of the total flagellates 
m each group of waters 

The range of hydrogen-ion concentration m the breeding and non- 
breeding waters was found to be essentially the same, and all groups 
of waters were principally alkaline m reaction The mean of the 
readings in an unshaded impounded bayou, however, was highei 
than that m the breeding areas (8 01 as against 7 42) 

Examinations of the gut contents of larvae showed that all organisms 
of suitable size when present m the water are likely to be ingested, 
but that some available forms are present in the gut less often than 
others This may have resulted from the fact that the preferred 
habitat of these organisms does not coincide with that in which larvae 
usually feed, or it may have been that the amount of maceration 
which the softer-bodied orgamsms undergo greatly reduced their 
chances of being recognized 
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mzed Another factor to consider m discussing these results js that it 
IS not definitely known just what organisms are most likely to be 
drawn into the current set up by the mouth parts of the larvae 
Some organisms doubtless come within larval range moi’o lrec|uently 
than otheis because their favored stratum of existence is at or close 
to the surface film in which Anopheles larvae do most of their feeding 
As the water sample from which plankton examinations wore made in- 
cluded the top half inch of water, organisms aie probably included 
which may usually be outside of the larval feeding lange 

It IS noticeable that certain oiganisms, notably amoeboid Protozoa, 
the green alga, Oedogonium, and spores, frequently appear in the 
gut when not found in the water examination It is probable that 
these organisms were lacking in the water sample as a result of the 
method of sampling In order to obtain water free of trash the samples 
were drawn from clear surface areas sometimes distant a few inches 
from the place where the larvae w^ere feeding Had the water ex- 
amination included a more intensive study of the adherents of the 
protective materials these disci epancies might not have been so 
evident. 

SUMMARY 

Observations were made on various environmental factors prevail- 
ing in Anopheles breeding and nonbreedmg areas in order to deter- 
mine if possible the factors which influence the increase or decrease of 
larval abundance 

Protection for larvae is necessary m the water aieas studied on 
account of the presence in abundance of Gambmta affims, a mosquito- 
destroying fish, and other natural enemies Piotection is provided m 
the breeding areas by floating vegetable debris and by various species 
of plants The best protection is afforded by small floating debris 
and by filamentous algae Water aieas containing filamentous blue- 
green algae in the absence of filamentous green algae were not found 
to be very favorable for larvae Lemna affords some piotection to 
the larvae, but when it occuis in such profusion as to form a complete 
mat over the water suiface it almost completely inhibits the breeding 
of Anopheles 

Larval abundance, as measured by the number of larvae occurring 
m collections of 10 dips of surface water, was not greatly affected by 
variations in the mean summer air temperatures, which in each 
month were above 70° F. 

Under certain conditions a rapid decrease m surface water was found 
to reduce the numbei of laivae, as a result of the stranding of pro- 
tective material. 

The plankton content of the breeding and nonbreeding waters was 
computed on the basis of the occurrence of the various groups of 
organisms per cubic centimeter of surface water It was found that 
as a rule larger numbers of plankton organisms occuried m the non- 
breedmg waters This was explamed in part by the fact that the 
breeding waters usually are more shaded and the surface is covered to 
a greater extent by vegetation and debris, and this condition results 
in the development of fewer chlorophyll-beaiing organisms. The 
character of the plankton as regards composition by classes of organ- 
isms in the various groups of wateis in which Anopheles breeds or does 
not breed was found to vary considerably, but no consistent variations 



LIFE HISTORY OF THE RABBIT STOMACH WORM, 
OBELISCOIDES CUNICULP 

By Joseph E Alicata 

Junior Zoologist, Zoological Division, Bureau of Animal Industry, United States 
Depaihneni of Agriculture 

INTRODUCTION 

In 1923 Graybill {8y described from domestic rabbits (Oryctolagus 
cumculus) m the United States a new g:enus and species of stomach 
worm which he called Oheliscus cunicuh The following year Gray- 
bill (9) noted that the generic name Obeliscus was preoccupied and 
proposed the name Obeliscoides, type Obehscoides cumculi, to replace 
Obeliscus Graybill, 1923 Morphologically Obeliscoides cumcuh is 
related to Qraph'idmin stngosum (Dujardm, 1845), a stomach worm 
occurring in wuld and domestic rabbits in Europe In common with 
the latter, Obeliscoides cunicuh may be visibly mjurious to its host 
Schwartz and Shook {18) have noted that the European stomach worm 
of rabbits is known to produce disturbances of various sorts that affect 
the health of rabbits and that the American stomach worm of rabbits 
has been found to produce ulceration of the stomach wall 

Specimens of Obeliscoides cumcuh from domestic and wild rabbits 
have been received m the Zoological Division of the Bureau of Animal 
Industry from ten States, namely, Florida, Iowa, Kansas, Louisiana, 
Maryland, Nebraska, New York, Ohio, Texas, and West Virginia, and 
from the District of Columbia It is evident, therefore, that this 
parasite is widely distributed in this countiy 

The morphological features of the adults of Obehscoides cunicuh 
have been described by GraybiU (S) and Chandler (5), but no infor- 
mation is given in their reports concerning the preparasitic develop- 
ment of these worms and of the immature stages within the host 
Since information concerning the life history of a parasite is essential 
as a basis for rational control measures, it is important that the basic 
facts in the life history of Obeliscoides cunicuh, particularly those 
relating to its free-living stages, be ascertained The investigation 
described in this paper was undertaken principally for the purpose of 
discovering facts in the prepaiasitic development of Obeliscoides that 
might lead to practical methods of controlling this parasite in rabbitries 
This problem was suggested to the writer by Benjamin Schwartz, of 
the Zoological Division of the Bureau of xinimal Industry, and was 
carried out under his direction and supervision 

METHOD OP INVESTIGATION 

Eggs of Obeliscoides cumcuh, obtained from several females, w^ere 
transferred to small glass jars contammg a mixture of fresh, sterile 
rabbit feces and animal charcoal After the eggs had incubated for 
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fiom 18^ to 22(1 in maximum wudth, indicating 
considerable growth during this stage of de- 
velopment Dining the second stage, as well 
as during the first, the larvae feed most of the 
time, and as development progi esses the wall 
of the intestine becomes darker Before the 
second lethargus is com- 
pleted the opening of the 
pharynx closes, as shown 
in Figure 3, B 

INFECTIVE LARVAE 

In 6-day-old cultures the 
larvae present were usually 
in the third stage, that is, 
they wei e m the ensheathed 
mlective stage In some 
cases, particularly when 
laivae had been kept in 
water for several days, the 
sheaths were absent be- 
cause of their having been 
cast off 

Infective larvae appear 
less granular than prem- 
fective larvae (Fig 4, A ) 
The former are from 653/4 
to 710m long and about 22m 
m maximum \ndth The 
maximum length of the in- 
fective larvae is somewhat 
less than that attained by 
the second-stage larvae. 
This is due to the fact that 
the tail of the infective 
larva is smaller than that 
of the second-stage larva 
Several striking structural 
changes are apparent m 
this stage The mouth is 
closed, and the constriction 
at the base of the hps has 
disappeared The pharynx 
is no longer present, and 
theie is a slight opemng at the beginning of the 
esophagus. (Fig 4, B) The esophageal bulb 
has become more slender, and the valve is no 
longer present The esophagus is from 167m to 
174m long and is about one-twelfth the body 
length. The excretory pore is clearly visible 
and is located just below the nerve rmg, approxi- 
mately 1 10m to 125m from the anterior end of the 
body The nerve ring appears as a light band 
"]Ust above the excretory pore, situated about 



FkiLre 3 — V, Second-stage 
larva of Obeliscoidescanicufi, 
‘B, anterior end of a late 
second-stage larva showing 
the mouth closed 


Bi 


Figl re 4 — A , Third stage larva 
of Obeliscotdes cumciilt, B, 
anterior end of the third-stage 
larva showing the absence of 
the pharynv 
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about 10 days at loom temperature (20° to 24° C ), the mfoctivo 
laivae were iecoverod by means of the Bacrmaim apparatus Pio- 
mtectiA^e larvae weie lecoveied fiom these cultures by transleirm^ a 
small c|uantity ol the culture mateiial to glass dishes containing water 
and isolating the larvae with the aid of a microscope 

In order to study the course of development of the premfective 
larvae, Obehscoides eggs were cultured in water This method, how- 
ever, was not suitable foi the stud}" of larval development, since the 
majority of the developmg larvae disintegrated before reaching the 
infective stage In one instance, however, the entire preparasitic 
development took place in a water culture 

DESCRIPTION AND DEVELOPMENT OF THE EGGS 

The eggs of Obehscoides cumcuh are usually elliptical in shape and 
are provided with two thin membranes In a series of measurements 
involving about 100 eggs the variation in length was from 
75ju to 91m, and the variation in width was from 42m to 53m- 
Graybill (8) states that the eggs aie 76m to 
86m long by 44m to 45m wide, whereas 
Chandler (3) reports a somewhat greater 
lange in size, namely, 80m to 92m m length 
by 56m to 64m m wiB.th Segmentmg eggs 
_ as small as 60m by 38m and as large as 152m 
^EggofVfed- by 45m have been found occasionally, but 
feuu^fvom extreme sizes are rare and possibly 
fresh rabbit such eggs are abnormalities 
feces Eggs found in fresh rabbit feces, which 

were exammed a few minutes aftei the}^ weie passed, 
were in about the 32-ceIl stage, as shown in Figure 1 
In tap water the eggs hatched in about 30 horns 

DESCRIPTION AND DEVELOPMENT OF THE 
LARVAE 

PREINFECTIVE LARVAE 

The first-stage larvae, shown m Figure 2, are 
characteristically rhabditiform and resemble the first- 
stage larvae of related strongyles The newly hatched 
larvae are from 320m to 330m long, they increase in 
size gradually durmg the first stage The prmcipal 
measurements of these larvae, made at various times 
after hatchmg and while they were still in this stage, 
are as follows. Length, 375m to 448m, maximmn width, 

18m; length of esophagus, 85m to 115m; length of tail, 

65m to 83m These measurements indicate that the 
fimt-stage larva grows considerably from the time 
that it has hatched until it is ready to molt 

The span of life of the first-stage larvae is com- 
paratively brief, second -stage larvae were observed 
about 65 hours after hatching The latter, as shown 
in Figure 3, A, differ but slightly from those of 
the previous stage The outstanding difference is the larger size of 
the second-stage larvae They range from 471m to 750m in length and 



FibURE 2— A, First- 
stage larva of Ohelih^ 
LQides cumcuh, B, 
anterior end of the 
first-stage larva show- 
ing lips and phaiynx 
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the water had remained on the slan for a short tune it was trans- 
ferred to a glass slide by means of a pipette Practically all the 
larvae that were originally placed on the skin were recovered and 
were found to have retracted wnthm their sheaths, after several 
minutes some of them became active The area of the skm exposed 
to the larvae appeared normal In another experiment, about 2,000 
infective larvae were put on the skin of each of two rabbits, from winch 
the hair had been clipped One rabbit was killed eight days later 
and no larvae were recovered from the lungs and stomach Exam- 
mation of the lungs showed no petechial hemorrhages or other lesions 
mdicative of infestation with nematode larvae The second rabbit 
was killed 16 days after it had been exposed to a cutaneous infection, 
no worms Avere recovered from the lungs and stomach. 

Another experiment was conducted in accordance with the technic 
described by Goodey ( 4 ) The skm of a 2-day-old rat was stretched, 
han* upward, on a cork ring, floated m a beaker containing warm 
physiological salt solution, and kept m an incubator at a temperature 
of 37® C A small drop of water contaming about 100 larvae was 
placed on the piece of skin and allowed to evaporate m the mcubator 
Two hours after the larvae had been placed on the skin and about 
90 mmutes after the drop contammg larvae had evaporated, a drop 
of water was placed on the rat skm and then removed to a slide by 
means of a pipette A microscopic examination revealed many 
larvae, they were still ensheathed No larvae were found in the salt 
solution. 

The rat skm was then fixed m 70 per cent alcohol, and the superficial 
layers were mechanically separated from the deeper lay’ers These 
layers were then cleared in an alcohol-phenol mixture. Several 
ensheathed larvae were found on the surface of the skm, but no 
larvae were found in the subcutaneous layers This experiment was 
repeated by usmg the skm of a 3-day-old rat, and similar results vrere 
obtained 

These observations indicate that infection does not take place 
through the skm Skin penetrators, such as the larvae of various 
species of hookworms, penetrate rat skin under the experimental 
conditions described above 

REACTION TO COLD 

Nematode laivae vary considerably m their ability to withstand 
low temperatures Cameron {£) repoits that infective larvae of 
Monodontus trigonocephalus did not levive after being fiozen for a 
few minutes According to Ransom (fo), the infective larvae of 
Haemonchus contortus are very resistant to cold He found that after 
larvae m sheep feces had been kept outdoors at temperatures ranging 
from 21 6® to —13 8® C for 85 days they were still alive Schwartz 
{16) reports that infective larvae oi Biistoimuin phlebotomum {-Mono- 
dontus phlebotomus) which were frozen solid for about 15 hours, 
when thawed agam became active Schwartz and Price {17) found 
that the infective larvae of Stephanurus dentatus can withstand a 
temperature of — 19® C for six hours but are killed when exposed to 
this temperature for nine hours. Monnig {12) found that the 
infective larvae of Trichostrongi/lus spp from sheep were still alive 
after an exposuie of 14 days to 0® C Ortlepp {13) reported that the 
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95/i to 102ju from the anteiior end of the l)ody, and cncirclinjr the 
esophagus obliquely The genital piiinordium is located about-‘349iu 
to 400 m from the anteiior cxtiemity 

Table 1 shows the principal measurements of the first, second, and 
third stage larvae These data show that the larvae grow considerably 
m the first stage and continue to grow in the second stage, at which 
time they attain a maximum length of 750m, which is nearly two and 
one-half times the size of the newly hatched larvae In the third stage 
the larvae neither grow nor develop beyond the stage which they had 
attamed after the second molt 


Table 1 — Principal measui ements (microns) of 10 Obeliscoides cuniculi p/f- 
parasihc larvae of each stage 

FIRST STVGR 


I 


Mmsuremonts of lai va No 


Items 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


375 

375 

382 

383 

395 

402 

418 

440 

440 

448 


18 

18 

18 

18 

18 

18 

18 

18 

18 

18 


15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

LpTieth of esoohasus 

85 

85 

95 

95 

101 

no 

no 

102 

115 

115 

Distance of ner\e nng from the anterior extremity - 
Distance of excretory pore from the anterior extrem- 

lf;.y __ _ 

75 

75 

72 

72 

80 

77 

84 

87 

82 

no 

82 

Distance between genital pnmordium and the an- 
terior extremity 

203 

203 

205 

205 

223 

215 

213 

216 

218 

228 

Length of tail - - 

65 

65 

71 

68 

76 

76 

83 

80 

79 

83 




SECOND STAGE 


Length of body. 

471 

524 

570 

577 

585 

590 

615 

669 

722 

750 

Maximum iMdth of body 

18 

18 

22 

22 

22 

22 

22 

22 

22 

22 

Length of pharynx 

15 

15 

15 

15 

15 

15 

15 

11 

n 

11 

Length of esophagus 

118 

120 

120 

120 

120 

120 

120 

134 

137 

157 

Distance of nerve ring from the anterior extremity. 

86 

86 

91 

91 

91 

91 

98 

95 

95 

98 

Distance of excretory pore from the anterior ex- 











tremity 

98 

98 

102 

102 


114 

114 

114 

118 


Distance between genital pnmordium and the an- 











terior extremity - 

243 

273 

296 

296 

304 

293 

304 

335 

380 



Length of tail 

84 

76 

95 

98 

98 

102 

114 

95 

98 

102 


THIRD STAGE 


Length of body 

653 

662 

665 

686 

686 

690 

702 

702 

710 

710 

Maxmum width of body 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

Length of esophagus 

167 

1 171 

174 

167 

167 

174 

1 171 

171 

174 

174 

Distance of nerve ring from the anterior extremity.. 

95 

99 

95 

102 

95 

95 

98 

102 

98 

102 

Distance of excretory pore from the anterior ex- 
trem ty 

no 

121 

no 

129 

no 

no 

117 

126 

114 

125 

Distance between genital pnmordium and the an- 
terior extremitv- 

349 

361 

357 

361 


387 

364 

387 

387 

400 

Length of tail ...* — 

65 

57 

65 

57 

61 

65 

62 

57 

68 

61 


EXPERIMENTS WITH INFECTIVE LARVAE 

ATTEMPTS TO INDUCE SKIN PENETRATION 

A small drop of water containmg about 100 larvae was placed on a 
portion of the skin of a young rabbit, from which the hair had been 
clipped. The rabbit was kept under restramt until the water evapo- 
rated Two hours later a few drops of distilled water were placed 
on the aiea of skin that had been exposed to the larvae, and after* 
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larvae were kept at a freezing tempeiatiire for about 29 pei cent of 
the time duung which they were exposed to outdoor conditions At 
the end of this period the ]ars were lemoved to the laboi-atoiy and 
kept at loom temperature foi one day, a large number of active larvae 
were recovered fiom each ]ar by means of the Baeimann apparatus, 

REACTION TO HEAT 

Like the infective larvae of other strongyles, those of Ohehsco'ides 
cumculi become very active when gradually warmed Thus, if the 
end of a heated glass rod is brought in contact with the underside of a 
glass slide containing larvae, the larvae become active and onent 
themselves toward the source of heat 

The view expressed by Khahl (10) that only skin penetratois are 
positively thermotropic is untenable, as showm by observations 
recoided by various helminthologists The larvae of Monodontus 
tngonocephaluSj M phlebotomns, and Tnchostrongylus spp , as deter- 
mined by Cameron (2), Schwartz (16), and Alonnig (12), respectively, 
are positively thermotropic, and the available e\ucrence indicates that 
these larvae do not penetrate the skin of their hosts The writer's 
observation concermng the heat reaction of Obehscoides cunicuh lends 
additional support to the view that there is no necessary relation 
between the positive thermotropism of larvae and their abihty to 
penetrate the slan of rabbits or other ammals 

The effect of heat on the larvae of Obehscoides was not considered 
to be of suflBcient practical sigmficance to warrant a study of their 
reaction to high temperatures 

REACTION TO DRYING 

The infective larvae of strongyles vary greatly in their ability to 
resist desiccation Looss (11) reported that infective larvae of 
Strongylus spp and Cylicostomum spp can resist desiccation in a 
Petri dish for 14 days, and Eaffensperger (I 4 .) noted that 10 per cent 
of Strongylus spp larvae withstood desiccation in an incubator at 
26° C for a period of four months Ransom (IS) found that 
Haemonchus contortus larvae which had been dried in feces for 35 
days revived after bemg moistened Ortlepp (IS) reported that 
infective larvae of Tnodontophorus tenuicolhs re'v’ived after they had 
been dried in an incubator overnight at 26° C. In contrast to these 
observations, Looss (11) has pomted out that larvae of Ancylostoma 
duodenale perish as soon as their surroundmgs become dry, and 
Goodey (5) has found that larvae of Necator amencanus fail to revive 
after they have been dried a few minutes 

The foUowmg experiments were conducted to determme the 
resistance of Obehscoides larvae to diying 

A small drop of water containing a number of infective larvae was 
placed on each of several glass shdes. At the moment that the 
water appeared to have evaporated the time was noted, and the 
slides remained exposed at room temperature for various periods, as 
shown in Table 3 At the expiration of the desired lapse of time a 
tew drops of water were added to the dned larvae and the prepara- 
tions were examined at various intervals for about 24 hours The 
results of these observations are given in Table 3 
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]?itective larvae ot Tiiodonfophoeus fenincolhs wore able to withstaiul 
fieozino when ke])i. ni an leo chest overnight Do Blieck and Baudot 
{!) pointed out that the infeclixe laivao of the intestinal nematodes 
of the hoise, Sttoiigi/his oulqaris, H edentatus, and Cifhcostonnim spp , 
withstood a teinpeiature oi 0"^ C for lo days in cultures of w^atei and 
feces These wTiteis also found that these laivae in feces survived 
after a 2-hoiir exposure to temperatures langing Iroin -“15° to -“20° C 
When the larvae w^ere placed m wuitei and exposed again to the same 
temperature for six hours they remained alive RafTensperger ( 14 ) 
exposed horse manure containing strongyle laivae of various species 
to Montana weather conditions for 20 months, some larvae did not 
succumb despite the fact that in the course of the experiment the 
temperature ranged fiom - IS 3° to — 38 ° C for a period of 26 days 
in Januaiy and February, 1929. 

The effects of various low temperatures on the infective larvae 
of Obeliscoides cnuhciih aie summarized m Table 2 Each record 
IS based on observations involving about 400 infective larvae The 
laivae were put m glass tubes containmg moist animal charcoal, and 
the tubes w'ere placed in a lefrigerator and removed from time to time 
for examination Before the larvae weie examined microscopically 
the tubes w^eie kept at room temperature for about two hours 

Table 2 — Effects of low temperatuies on the infective larvae of Obeliscoides cuniculi, 
each culture involving about 400 larvae 


Culture ' 
Ko 

Period ; 
of refrig- 
eration 

Tempera- 
tme of re- 
frigerator 

1 

Results 


Hours 

oc 


1 

5 

0 

Lar\ ae attiN e 

0 

10 

0 

Do 

3 

20 

0 

Do 

4 

48 

0 1 

Do 

5 

168 > 

5 to 0 1 

IVIost Ur\ ae acti\o, a few dead 

fj 

! 168 

Oto -4 

Do 

7 

360 

Oto -4 

Do 

8 

720 

2 to -4 

Do 

9 

24 

-18 

About 20 larvae active, all the others dead 
larvae vacuolated 

10 

72 

-IS 

1 

About a dozen lar\ ae active, all the others dead 
' the lar\ ae vacuolated 


The intestinal eclls of all 
The intestinal cells of all 


In this experiment the Obeliscoides larvae w^ere resistant to a 
temperature of from 2° to -4° C for 720 hours The tempera tin c 
during this period ranged as follows. —4°, 240 hours, —3°, 24 hours, 
— 2° to —1°, 24 houis, 0°, 384 hours, 1°, 24 hours, 2°, 24 hours 
The vitality of most of the larvae kept at a teinpeiature of —18° 
for three consecutive days was destroyed 

The lesistance of the larvae to wmter temperatures prevailing m 
the District of Columbia w’as tested as folio w^s About 1,000 or more 
infective larvae w^ere placed m a jar containing sterile moist sand, 
and an equal number of larvae were placed in a jar containing sterile 
and slightly moist rabbit feces. These jars 'were kept outdoors for 
30 days, from 11 a m , December 15, 1930, to 3 p m , January 14, 
1931. The maxmium temperature during this period was 13.9° C , 
and the mimmum temperature was -9 4° The total time during 
which the temperature wiis -1 1° or Wer was 211 hours, so the 
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larvae The larvae remained active while in contact with the stain 
They were kept under observation for an hour after the stain had 
run in under the cover slip, but no evidence of exsheathmg was 
observed The stain readiW penetrated the sheath, but the tissues 
of the larvae remained unstained The larvae continued active until 
the fluid evaporated In one case larvae were kept in a vial with 
the stain for 18 hours, and at the end of that time all were active and 
sheathed 

In their failure to exsheath when in contact with a nonpoisonous 
stain, the infective larvae of Obeliscoides cunicuh resemble larvae of 
other nonskin-penetratmg nematodes, such as Monodontus phle- 
botomns (16)^ M trigonocephalus (^), Tnchostrongylus spp (f£), 
Hyostrongylus rubidus (d), and Uncinaria stenocephala {—Dochmoides 
stenocephala) (7) The mfective larvae of Necator americanus (5) 
and Ancylostoma duodenale { = Agchylostoma duodenale) (11) differ 
from the above-mentioned forms m that they exsheath when m 
contact with a solution of an aniline stain 

Cameron (^, p 212), who 'worked with anihne stain, states that 
^'all skin penetrators 'which have been tested have exshea thed, while 
the nonskin-penetrators have not exsheathed but have been quickly 
killed ” Although there is still a possibility^ that all skin penetrators 
exsheath under the influence of the stain, it is evident that not all 
nonskin penetrators are quickly killed, as has been pointed out by 
Sch'wartz (16) and confirmed by the writer m experiments with larvae 
of Obeliscoides cumculi 

With reference to the exsheathmg process of the infective larvae 
of Ancylostoma duodenale in the presence of methyl green, Looss (11) 
states that ‘Hhe experiment only succeeded beneath the cover glass, 
and even under these circumstances not unless a comparatively thin 
layer of fluid was allovred to remain betw'een the cover glass and 
slide Goodey (5) repeated this experiment with Necator larvae 
and obtained similar results. The writer was not able to confirm 
these observations in experiments with the infective larvae of Ancy- 
lostoma canmum When a 1 per cent basic fuchsin solution was allowed 
to mil in under a cover-slip preparation containing live larvae, the 
larvae were found to exsheath while a consideiable quantity of fluid 
was still present between the slide and cover slip , when the larvae 'were 
immersed in a small vial containing a column of stain about 1 5 mm. 
high they exsheathed readily, despite the absence of pressure such as 
is afforded in a cover-slip preparation The piocess of exsheathingin 
the latter case was observed under a binocular microscope. 

EXPERIMENTAL INFECTION OF RABBITS WITH OBELISCOIDES 

CUNICULI 

In order to determine the length of time required for Obeliscoides 
cunicuh to develop to fertile maturity in its rabbit host, a number of 
feedmg experiments were carried out In these experiments ensheathed 
mfective larvae were fed to noninfected domestic rabbits by mouth, 
essentially to determine the location of the worms and the character 
of the lesions The results, which likewise include some worm counts 
and other supplemental data, are given m Table 4 
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T\blk 3 — Sunnnauf of nine enpeiimeuts on the resistance oj infective Ohehscaates 
cnnicnh Jaivae to an diymq at loom teinpeiatme " 


Approvimate number 
of lar\ ae used 

Length 
of e\po- 
^ sure to 
dr\ing 

Condition of Urvae after the addition of water 

15 

Mmutesi 

5 

All acti\ e 

oO - -- _ 

15 

30 

60 

120 

180 

240 

300 

360 

Do 

15 dead, all the others active 

8 active, all the others dead 

2 actu e, all the others dead 

4 moved spasmodically, all the others dead 

1 nio\ed spasmodically, all the others dead 

All dead 

Do 

50 

50 

30 

30 . -- 

iQ 

30 

30 - 



« Vppro\iniatelN 21° r 


From Table 3 it is evident that the infective larvae of Ohehscoiden 
cumcuh can withstand drying at room temperatures for several hours 
Although some larvae succumbed after 30 minutes, others remained 
resistant for from 4 to 5 hours, however, the number of larvae that 
survived after 1 or more hours' exposure was relatively small The 
survival period of Obehscoides cumcuh infective larvae is longer than 
the survival periods of Ancylosioma duodenaUf Necator amencanw^ 
Monodontm phlebotomuSj and M tngonocephalus 

REACTION TO LIGHT 

In a glass jar containing a 15-day-old culture the larvae were found 
crawling up the walls of the jar facing the light of a north window, but 
no larvae were present on the opposite side of the jar This indicates 
that the larvae reacted positively to diffuse dayhght One-half of 
the surface of a Petri dish contaimng mature larvae in water, more 
or less evenly distributed m the dish, was covered with black paper, 
and the other half, facing a northern window, was left uncovered, 24 
hours later most of the larvae had collected in the lighted half of the 
dish This observation is m harmony with that described above. 
One-half of a Petri dish containing larvae in water was covered with 
black paper, and the half that remained uncovered was illuminated 
with a bright electric hght which was placed about 14 cm from the 
dish Four hours later most of the larvae were found in the shaded 
portions. This indicates that the larvae are repelled by strong 
artificial light. 

In their reaction to light the infective larvae of Obehscoides cumcuh 
behave like those of Tnchostrongylus spp {12) and Haemonchus con- 
tortus (19) Cameron (2) reported that larvae of Monodontus are 
positively thermotropic and are not repelled b}^ direct sunlight, or 
even by an electric light 

REACTION TO ANILINE STAIN 

A drop of water contammg about 25 larvae was put on a slide, and 
a coyer slip was placed over it A few drops of a 1 per cent aqueous 
solution of basic fuchsin w^ere placed near one edge of the cover slip, 
so that the stain gradually filtered in and came in contact with the 
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Table 4 shows that aftei experimental feeding 
ot Obeliscoides larvae the minimum time re- 
quired for the worms to leach egg-laymg ma- 
turity was 16 days (rabbits 6 and 7) and the 
maximum time was 20 days (rabbits 1 and 9) 

However, the appearance of eggs in the feces 
does not indicate that all the females present 
had reached the egg-laymg stage Rabbits 4, 

S, and 9, which weie killed and examined post- 
mortem 18, 31, and 21 days, lespectively, 
after they had been fed infective larvae, con- 
tained a number of immature Obeliscoides, 
although the feces of these rabbits had con- 
tained eggs before necropsy Of the larvae 
fed, the percentage that reached maturity, as 
shown by the number of worms recovered at 
neciopsy, ranged from 31 per cent in rabbit 11 
to 55 per cent m rabbit 1 0 

Rabbit 3, which had been infested with 
Obeliscoides for a peiiod ol moie than five 
months, had at tunc of its death about 400 eggs 
per gram of feces On post-mortem exami- 
nation 214 males and 118 females were found 
in the stomach, of these females, 7 were gravid 
and the others had degeneiated ovaries and 
uteri (fig 5), indicating that they had passed 
the stage of egg pioduction and had become 
senile and sterile The 7 gravid females 
yielded on an average 57 eggs pei gram of 
feces for each egg-producing female In con- 
trast to this finding, rabbits 5 and 6, which 
harbored at necropsy only 39 and 92 adult 
females, respectively, a few days eailier had 
yielded 7,320 and 8,000 eggs per gram of feces, 
respectively These observations show that the 
egg count IS not necessarily a good index, m 
all cases, to the number of worms that an 
animal may harbor The egg coimt gives no 
clue, for instance, to the presence of worms 
which are fully grown, but still agamic, noi to 
the presence of senile worms, neither does it 
account accurately for worm infestations in 
which there is a preponderance of males and 
for worm infestations in which, for one reason 
or another, there is a low egg production By 
the use of the Stoll dilution technic it was 
found that rabbit 5 had 187 eggs per gram of 
feces for each of 39 female Obehscoides har- 
bored, 39 days after experimental mfection and 
3 days befoie the animal was killed Rabbit 6, 
on the other hand, had only 87 eggs per gram eiiscoides umtuih a senes- 
of feces for each of 92 egg-producing females 
harbored, 50 days after experimental infection and 2 daj^s before the 
animal was killed This marked difference m egg production was 
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PoUKif A Figire 5— Region of female 
u, reproductne organs of 06- 
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Figitre 7 — Cross section of the stomach wall of a rabbit showing section of Obeliscoides cuniculi 
(indicated by arrows) on the mucosa Note erosion of the gastnc glands This rabbit was 
experimentally infected September 14, 1929, and examined post-mortem November 8, 1929 

113661—32 3 
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probably clue to the difference in the age of the worms; the worms 
m rabbit 6 were probably past their prime m egg production 

The post-mortem examination of experimentally infected rabbits 
usually showed congestion of the gastric mucosa with numeious 
petecbial hemorrhages Erosion of the gastric glands and of the blood 
vessels was commonly observed in experimentally infected rabbits, 
large masses of coagulated blood also were found in the stomach 



Figuee 6 —Stomach of rabbit infested with Obeliscoides cunicult This rabbit was experimen- 
tally infected September 26, 1929, and examined post-mortem October 26, 1929 

contents of such rabbits The worms were usually free on the mucous 
membrane or deep m the stomach wall Histological exammation of 
infected areas of the stomach wall revealed worms under the mucous 
membrane, some worms were noted m the submucosa In micro- 
scopic section, the gastric glands were found to be eroded (Figs. 6, 
7, and 8 ) 
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susceptible to infestation with this nematode. The percentage of 
larvae that reached sexual maturity in guinea pigs was considerably 
lower than in most of the rabbits which were experimentally mfected 
Lesions were observed m the stomachs of guinea pigs 3 and 7, in 
one of which a relatively large number of worms became mature In 
gumea pigs 4B and 5, in which a relatively large number of immature 
worms were present, no stomach lesions were noted. In contrast to 
these observations, rabbit 12, m which the worms were also immature, 
had well-marked stomach lesions Whether the rabbit is more 
susceptible to the injurious effects of Obehscoides than the gmnea pig 
remains to be determined. 


Table 5 — Results of feeding infective Obehscoides cumculi larvae to guinea pigs 


Guinea 
pig No 

Date of feed- 
ing larvae 

Larvae 

fed 

Date of nec- 
ropsy 

Days ' 
after 1 
infec- 
tion 

Number and descrip- 
tion of worms recovered 

Lesions noted m 
stomach 

1 

Dec 16,1929 
do 

Number 

n 

200 

Jan 11, 1930 

Number 

26 

1 gravid female 

None 

2 

Feb 19,1930 
Jan 22, 1930 

Jan 25, 1930 

Jan 27, 1930 


1 TTialp 

Do 

3 

Jan 20, 1930 

do - 

2 

58 third-stage lari ae 

Congestion of mucosa, 
with numerous pe- 
techial hemorrhages 
None 

4A 

200 

o 

Number undeter- 

4B 

do 

200 

7 

mmed, immature 

75 fourth-stage larvae,. 
7 males and 16 imma- 

Do 

5 

do 

200 

Feb 1, 1930 

Feb 13,1930 
._.._do 

12 

Do 

6 

do 

200 

24 

ture females 

None - 

1 Do 

7 

Jan 27, 1930 

Nov 25,1930 
Oct 17, 1930 
.do 

1 200 

(«) 

17 

17 males and 22 gra\ id 
females 

None,, 

1 Congestion of mucosa, 
with scattered pe- 
techial hemorrhages 

1 None 

8 

Dec 22,1930 
Nov 7, 1930 
Dec 22,1930 

27 

a _ 

(“) 

21 

1 malft 

! Do 

in 

(“J 

66 

None - - 

1 Do 

j 





» Several hundred 


On several occasions the feces of infected guinea pigs contaimng 
Obehscoides eggs were cultured by mixing the feces with animal 
charcoal and adding several drops of water to the mixture The devel- 
opment of the eggs and larvae in such cases was normal 

STAGES OP LARVAL DEVELOPMENT IN THE GXHNEA PIG 

In connection with the study of the susceptibility of gumea pigs to 
Obehscoides, parasites in various stages of development were recovered 
from these animals after experimental infection. 

Guinea pig 3, which was killed two days after experimental infec- 
tion, yielded thud-stage larvae; these worms showed the commence- 
ment of the third molt, as mdicated in Figure 9. The prmcipal 
measurements of six of these larvae were as follows: Total length, 
SSG/i to maximum width, 26jut to 30^; length of esophagus, 

186m to 213m; distance of nerve ring from the anterior end, 114m to 
121m; distance of excretory pore from the anterior end, 133m to 159m; 
length of tail, 57m to 76m* The most significant morphological feature 
of these larvae, as shown in Figure 9, was the position of the genital 
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EXPERIMENTAL INFECTION OF GUINEA PIGS WITH OBELISCOIDES 

CUNICULI 

In order to determine the adaptability of Obeliseoides to a host 
other than the rabbit, a similar series of experiments was conducted 
which involved experimental infection of guinea pigs with infective 
larvae of this parasite The results are given in Table 5. 

Table 5 shows that Obeliseoides larvae can be successfully trans- 
mitted to guinea pigs. As far as can be determined from a survey 
of the literature, Obeliseoides has not been transmitted to guinea pigs 
heretofore. Of the larvae fed to guinea pigs, only a few succeeded in 



Figure 8 — Cross section of stomach wall of rabbit showing sections of Obelucoides cunituU (indi- 
cated by arrows) in the deeper part of the submucosa 


reaching sexual matunty. In guinea pigs 3 and 4B, which were 
^ed 2 and 7 days, respectively, after infection, more than one- 
fourth of the larvae that had been fed were recovered at necropsy, 
the worms thus recovered were still immature. From the findings on 
guinea pigs it may he assumed that the worms are eliminated from 
these animals to a large extent before reaching maturity. Guinea pig 
/, which was fed about 200 larvae, contained 39 mature worms at 
necropsy, mdicatmg that this particular animal was rather highly 
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Figuee 11 
stage larvae of Ob- 
eliscoide<t cumcuh 


320iu Females — total length, 4 8 to 5 mm, maximum width, OSiu 

to 120jLi, length ol esophagus, 483g to 530 fx; distance of neive ling 
liom the anterior end, 197/1 to 250 ix, distance of excretoiy poie from 
the anteiior extremity, 319 jx to 349/^, distance of Yulva 
from the anus, 748/x to 936/i, combined lengths of ove- 
jectors 190/x to 230/i; length of tail 114jLt to 121ju 
Guinea pig 5, killed 12 days after experimental in- 
fection, yielded fifth-stage worms or adult© (Fig 12 ) 
The males were unsheathed, a fact which indicates that 
the fourth molt had been completed 
and that the worms were in then 
final stage, the bursa and its rays 
resembled those of the adult forms, 
and the spicules were chitimzed. The 
females, however, still retamed the 
fourth or final sheath The genital 
organs had developed consideiably 
beyond the pi evious stage, the sphinc- 
ters of the ovejectors and uteri were 
well developed and the ovaries weie 
longer than m the previous stage and 
somewhat coiled The ovaries were 
Fourth- begmnmg to show developing ova, 
the posterior lobe of the ovarv was 

recovered from the lOOped, ES shown m figure 12 
gum“a®p« “even principal measurements of 

(laj’s after evperi- thi ee males and three females wei e a s 
A, Posterior end follows Males— length, 5 2 to 6 mm , 
rfoSof ®emait maximum width, 1 25/t to 1 56/1 , length 
0, posterior end of of esophagus, 490/t to 639iU, distance 
of nerve ring from the anterior end, 

234/x to 270/x, distance of excretory pore from the 
anterior end, 390/t to 421 /x, width of spread-out 
bursa, 140/ito 171/t, length of spicules, 440/x to452/i, 
corresponding with those of the adult forms 
Females — ^length, 5 5 to 6 2 mm, maximum width, 

202/x to 218/x, length of esophagus, 624/x to 655/x, 
distance of nerve ring from the anterior end, 265 ju 
to 280/x, distance of excretory pore from the anterior 
end, 390/z to 436/x; distance of vulva from amis, 

1,014/x to 1,138/i, combined lengths of ovejectors, 

234/i to 265/x, length of tail, 109/x to 147/x 

Guinea pig 7, which was killed 17 days aftei 
experimental infection, yielded adult worms of 
both sexes Most of the females had segmenting 
eggs in the uterus, whereas the uteri of otheis con- 
tained no eggs 

The period required for Obeliscoides to reach 
egg-laying maturity in guinea pigs is about the 
same as that in rabbits. Development of Obeliscoides in both of 
these hosts, therefore, proceeds at about the same rate 



Figure 12 -Fifth-stage 
adults of Obeliscoides 
cumcuh recovered 
from the stomach of a 
guinea pig 12 days 
after experimental in- 
fection A, Posterior 
end of female, B, ante- 
rior end of female, C, 
posterior end of male, 
D, lateral view of tips 
of the right spicule 
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pnmordium, which, had migrated posteriorly and was located approxi- 
mately 170 m fiom the anus, m the particular specimen which was 
drawn The position of the genital pnmordium in the various larvae 
recovered liom this guinea pig varied, being 
from 80 m to 363m from the anus 

Guinea pig 4 A, which was killed 5 days 
after experimental infection, yielded 
lourth-stage larvae in which sex dilfei- 
entiation had become definitely estab- 
lished The female reproductive apparatus 
showed considerable development The 
vulva, ovejectors, uteri, and ovaries w^ere 
definitely recognizable, as shown in Figure 
10 At this stage of development the males 
may be distinguished by the inflated pos- 
terior end, which eventually forms the bursa 
The principal measurements of one female 
w^ere as follows Length, 2 26 mm, maximum 
width, 68m; length of esophagus, 357m, dis- 
tance of nerve iing from the anterior ex- 
tremity, 121m 1 distance of vulva from tlie 
tip of the tail, 440m, combined lengths of 
female reproductive appaiatus, about 350m, 
length of tail, 87m 

Guinea pig 4B was killed seven days after 
experimental infection This animal 
yielded fourth-stage females and males 
The males were approaching the final molt, 
as evidenced by the sheath which is well 
separated from the body (Fig 11 ) The 
bursa and its rays were still incompletely 
developed. The spicules were incompletely 

k r developed and only partly chitinized The 
ejaculatory duct and the testis, the two 
being continuous, were fairly well developed 
At this stage the ejaculatory duct is a 
slender tube opening mto the cloaca and 
Th'irdsug^ extending anteriorly for a short distance 
larva of Ob- until it joins the testis The latter is ven- 
mculi recov : tial to the intestinal tract The females 
sfomac^ofa frss advanced in development than 
gumea^pig the males, they did not possess a sheath, 
after expen- ^ fact which indicates that they were not 
fection^^ approaching the final molt. The 

female genital apparatus at this stage is 
clearly differentiated mto a pair of ovejectors sphinc- 
ters, uteri, and ovaries (Fig. 11 ) The principal 
measurements of these worms were as follows* Males — 
length, 4 3 to 4.8 mm, maximum width, 114m to 
130m; length of esophagus, 483m to 530m; distance of nerve ring from 
the anterior end, 182m to 220m, distance of excretory pore from the 
anterior extremity,^ 273m to 326m, length of spicule, approximately 


FiGUKi- 10 -Fourth- 
stage larva of 06- 
ehscoides cumculi 
recovered from the 
stomach of a guinea 
pig five days after 
e’Kpenmental in- 
fection 
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SUMMARY 

In common with those of other strongyles, the free-living larvae of 
Obehscoides cunicuh undergo two molts in fairly rapid succession. 
In charcoal cultures and at room temperatuies the infective stage is 
reached in about six days 

The infective larvae failed to produce skin lesions and subsequent 
infestations when placed on the intact skin of live rabbits Those 
larvae were incapable of burrowing into the skin of young rats under 
experimental conditions 

Infective larvae were found to withstand a temperature of 2° to 
-4° C for 30 days, but the vitality of most of them was destroyed 
after being kept at a temperature of —18^ C for 3 days 

The infective larvae did not appear to be very resistant to desicca- 
tion, as all of them were found dead after a 5-hour exposure to air 
drying at room temperature. 

The infective larvae responded positively to diffuse daylight but 
were repelled by strong artificial light 

In the presence of a 1 per cent solution of basic fuchsm, the infective 
larvae did not exsheath and remained active m the stain for a period 
of 18 hours 

Most of the infective larvae reached sexual maturity in the stomach 
of rabbits in 16 to 20 days 

Post-mortem examination of experimentally infected rabbits, 
withm about a month after the larvae were fed by mouth, usually 
revealed areas of inflammation m the gastric mucosa and the presence 
of petechial hemorrhages and blood clots on the stomach wall. The 
worms were found free on the mucosa or embedded in the stomach 
wall 

The larvae undergo two molts in the stomach of the rabbit before 
attaining sexual maturity, the worms become sexually differentiated 
after the third molt, but the bursa is not fully developed until the 
fourth or final sheath has been cast off. 

In several instances infective larvae were found to reach sexual 
maturity in the stomach of guinea pigs; in such cases the eggsdevelojied 
normally and the larvae reached the infective stage after undergoing 
the usual two molts The time required for Obeliscoides larvae to 
reach the egg-laying stage in the guinea pigs was about the same as 
in the rabbits. 
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SEASONAL SUBSOIL TEMPERATURE VARIATIONS' 


By Alfred Smith 

Aii6oaatc Soil TtchmloqiU, Calijoinia Agi iciiltiu al Expei iment Station 

INTRODUCTION 

Actual diurnal fluctuations of temperatuies follow the geometuc 
progiession law, and as found by Bouyoucos (^, p, 131 Y “the 
diurnal-nocturnal amplitude of oscillation of temperature decreased 
in geometric progression as the depth increased in arithmetic pro- 
gression, in all the different types of soil Keen (10, p S08)y in 
discussing the theory of heat flow in a conducting material, empha- 
sized the importance of the heat conductivity of the soil, which he 
defined “as numerically equal to the quantity of heat flowing per 
unit of time tlnough unit area of a umt cube of material when unit 
temperature difference is mamtained between two opposite faces 
He also consideied the specific heat, the apparent density, and the 
diffusivity of the soil, and assuming the application to the soil surface 
of a simple harmonic variation, showed how the amplitude of such a 
temperature wave diminished exponentially as the depth of observa- 
tion increased 

Smith (17, 18) has reported that a distinct rise and fall m soil 
temperatures m a 24-hour period occurs to a depth of 12 inches, and 
the night temperatures for the 6-mch and 12-mch depths average 
higher than the day temperatures The diiunal range m soil tem- 
peratures is influenced largely by the character of the sky, rainfall or 
soil moisture, and the direction and intensity of the wind (17) The 
highest soil temperatures in the surface soil as reported by Schucht (15) 
In Germany, are about 113° F , m the Russian steppes 140°, and m 
western Arizona 160° Smith (16) reported that the highest tem- 
perature at Davis, Calif , m an area kept free from vegetation, and 
obtained at a depth of one-half inch, was 143°. 

The soil temperatures that have usually been reported have been 
those occurring on the soil surface or at depths less than 3 feet 
McClatchie (12) conducted soil-temperature investigations in the 
Salt River Valley of Arizona by the use of three self-registering ther- 
mometers situated underground at depths of 5, 10, and 15 feet. His 
results durmg the two years of investigation show that the annual 
range of temperature decreases with depth, for at 5 feet it varied 
from 20° to 25° F., at 10 feet, from 15° to 20°, and at 15 leet, from 
10° to 15° He estimated that m the area under investigation, at a 
depth of about 50 feet, the soil temperature would remam constant 
thimighout the year Rambaut (14) determined the monthly tem- 
peratures in a gravelly soil under grass at Oxford, England, and found 
that the annual soil temperature range at a depth of 10 feet was 9.5°. 

Callendar and McLeod (4) at Montreal reported soil temperatures 
from an area covered with a layer of turf, where the soil consisted of 
loose, light-brown sand to a depth of 8K feet, below which to a depth 

1 Received for publication Sept 9, 1931 issued April, 1932 

2 Reference is made by number (italic) to Literature Cited, p 427 
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LOCAL CONDITIONS AND PROCEDURE 

The area in which the soil temperatures were determined is located 
at Davis, Calif., on a recent alluvial fan which has a slope in the imme- 
diate vicinity of from 5 to 10 feet per mile The texture of the soil in 
the various horizons is loam from the surface to a depth of 3 feet, fine 
sandy loam from 3 to 9 feet, coarse and fine sand from 9 to IIJ 2 feet, 
and silt loam to 12 feet. 

The rains in this district occur mainly between September and JMay, 
and as the area has been kept free from vegetation since 1923, and the 
water table has remained at about 20 feet, the soil is moist to field 
capacity during most of the winter season During the dry season 
(May to September), as the area is not irrigated, the moisture content 
of the surface foot of soil is reduced by surface evaporation, but at 
greater depths the changes are slight. The moisture changes which 
usually occur in this area during the year have previously been 
described (f7). 

In November, 1928, electrical resistance thermometers were in- 
stalled at depths of 4, 5, and 6 feet, and in September, 1929, at 8, 
10, and 12 feet. The thermometer bulb consists of an insulated 
nickel %vinding inserted in a strong brass tube, serving as a case. 
The lead-covered leads are soldered with a w'ater-proof jomt to the 
stem of the thermometer and connected to a cable, which extends to 
a small building near the plots, where a resistance thermometer 
indicator of the balance type is located In burjdng the thermome- 
ters, a hole of small diameter was dug, the soil of the various horizons 
being carefully laid aside The thermometers were then inserted 
and the hole filled, the soil layers being put back m proper order and 
lightly tarnped in order to attain the same degree of compactness as 
existed originally The soil temperatures at these depths change 
very slowly and weekly readings were therefore sufficient 

INTERPRETATION OP TEMPERATURE DATA 

Subsoil temperatures at the same depth vary from year to year. 
During certain parts of the year the subsoil temperatures may remain 
fairly constant for several weeks, and for this reason 4-week averages 
were determined for various depths ranging from 4 to 12 feet, inclu- 
sive These averages are shown in Figure 1 In Figure 1, particular 
attention is called to the data obtained in 1930, when during Novem- 
ber the temperatures did not vary appreciably in the 4 to 12 foot 
depths. It appears that May and November are the pivotal months 
of the year The time of occurrence of the minimum and maximum 
average soil temperatures as related to depth are clearly illustrated 

Taking the weekly readings, it was found that the temperature 
ranges in 1930 at the various depths, as shown in the lower right-hand 
corner of Figure 1, were 27° F. at 4 feet, 22° at 5, 18° at 6, 14° at 8, 
12° at 10, and 9° at 12 feet. With increasing depth the amphtude of 
temperature changes per foot of depth were of lesser magnitude m the 
deeper subsoil than in the upper subsoil 

Air temperatures were obtained in a standard United States 
Weather Bureau shelter at Davis, Calif , near the area where the 
subsoil temperatures were determmed The lowest air temperature 
in 1929, which was 23° F , was recorded on February 11 The mean 
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of about 30 feet there was a bed of stiff blue clay. Water was always 
found in the sand for a certain distance above the clay. The annual 
ranges in sod temperature were 34 3° F at a depth of 20 inches, 26.0° 
at 40 inches, 19 5° at 66 mches, and 11.0° at 108 inches The area 
in which these observations were taken was covered with snow from 
approximately January 1 to Aprd 1. 

Fitton and Brooks (8) have summarized the data which have been 
reported on sod temperatures m the United States up to 1931 in 
various sods under different conditions of cover and moisture at 
different elevations and exposures, and have made available in their 
discussion a very complete bibliography of literature on this subject. 

ROOT GROWTH AND SOIL TEMPERATURE 

As the roots of certain plants, under favorable sod conditions, extend 
to depths greater than 3 feet, and durmg the summer months such 
roots m the deeper areas are in a sod climate cooler and m the winter 
warmer than their aboveground parts, it was deemed advisable to 
obtam sod temperatures to a depth of 12 feet. 

The seasonal subsoil temperature changes even at depths of 12 
feet are important, as a rise of temperature is brought about by the 
physical process of absorption, conduction, diffusion, and convection 
(7). A lowermg of the temperature is brought about by a reciprocal 
process mvolving diffusion, conduction, vaporization, and radiation 
The characteristics of the solid, hqmd, and gaseous phases of the sod 
mass affect the rate of this movement 

The most favorable sod temperature for most crops, if other condi- 
tions are favorable, is usually considered as being between 65° and 
70° F. {19 ) Roots in the deeper sods grow vigorously at much 
lower temperatures, varying of course with the species {W) Cannon 
(5) found that the most rapid rate of root growth in seedlings of Pro- 
sopis velutina occurred at a sod temperature of about 93.2°, at which 
pomt roots with an mitial length of 16 mm grew 51 mm in 12 hours 
He found that not only was the rate of growth of shoots correlated 
with the temperature of the sod, but also with the length of the roots. 

Under a diminished oxygen supply the effect of sod temperature 
see^ to be greatly modified {6) As the oxygen supply in the sod 
IS dimimshed, the rate of growth diminishes m a sod with a high temper- 
ature. In other words, crops m order to attam a fair rate of growth 
in time of high soil temperatures, must be in a well-aerated sod; other- 
wise, the rate of growth is considerably reduced. One of the most 
effective agents in sod ventilation is the changing daily or seasonal 
sod temperatures. The volume of a given mass of air is increased or 
diminished by Vm of its origmal volume for each degree Fahrenheit 
change m temperature, the pressure remaining constant. Under such 
conditions a fall in temperature of 1° F. throughout a volume of 491 
cubic feet of air would cause the entrance into the sod of 1 cubic foot 
of an*. An mcrease m temperature of an equal amount would result 
in the movement outward of the same quantity of air {11). The effect 
of temperature upon sod aeration is not due, however, merely to the 
expansion and contraction of gases, but also to their differential absorp- 
tion {1 ) by the sod at different temperatures. Alfalfa, red clover, field 
peas, and soybeans have been found to give a maximum nodule pro- 
duction at a sod temperature of about 75 2° (9). 
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4 feet for some months — May, October, November, and December — 
were in part interpolated In January the upper subsoil has the 
lowest temperature and the soil is progressively warmer m the lower 
depths In the month following, the upper subsoil becomes warmer 
w^hile the deeper subsoil becomes cooler The lowest average monthly 
temperatures for the lower subsoil (12 feet) is in April, while at a depth 
of 1 foot the average Apnt temperature is 60° F as compared to 47° 
in Januaiy It will be noticed further that the average April tem- 
peratures are nearly the same (60°) for all depths from 6 inches to 
12 feet 

The upper subsoil contmues to become warmer until July, and then 
becomes cooler in August, while the deeper subsoil is warmer m August 
than in July In fact, the highest average monthly temperatures at 10 
feet occur in October, 
and at 12 feet the 
average tempera- 
tures for October and 
November are practi- 
cally the same The 
upper subsoil cools 
rapidly from Septem- 
ber to January Keen 
{10) in discussing 
Rambaut’s results 
has pointed out that 
the periodic nature 
of the temperature 
wave closely ap- 
proaches a 6-monthly 
symmetry 

The subsoil tem- 
peratures, particu- 
larly at depths of 4 
feet or more, show' 
more accurately the total amount of heat absorbed by the soil than 
the temperatures at depths less than 4 feet, as the latter are more greatly 
affected by fluctuations in air temperatures The heat conductivity 
into the soil is also illustrated from 10-year averages obtamed in blue- 
grass sod in Illinois {IS) w'here the highest average monthly temper- 
ature (73 5° F ) at a depth of 9 mches w^as reached in July, while at 
a depth of 36 inches the highest average monthly temperature (67,5°) 
was reached in August 

In Table 1 the monthly mean air temperatures and the rainfall for 
1930 and the depaitures from the normal are shown The normal 
monthly mean temperatures and rainfall are based on records extend- 
ing for 23 to 59 years, respectively The monthly mean temperatures 
reported {S) were determmed from maximum and minimum thermom- 
eters exposed in a standard United States Weather Bureau shelter 4}^ 
feet above the surface of the soil, a short distance from the soil- 
temperature plots. 



Figure 2 —Occurrence of mmimu (A) and maxinium (B) soil tem- 
peratures at depths varj mg from 1 to 12 feet, Da\ is, Calif , 1930 
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niontlity temperature for January of that year was 40 4°, and for 
Februaiy 46 9° The highest air temperature in 1929 was 111°, on 
June 25 The lowest air tempeiature dunng the last pa it oM93() 
was 24°, oil January 13, and the highest during the yeai was 107°, on 
Julj’' 14 The time of occurrence of the minimum and maximum soil 
temperatures in 1930, at depths ranging from 1 foot to 12 feet, is prac- 
tically a straighthne function of the depth (Fig 2 ) The minimum 
at the 1-foot depth occurred on the same day as the minimum an* 
temperature, while at a depth of 12 feet the minimum did not occui 
until May 5, or 16 weeks later In like manner, the maximum tein- 
perature at the 1-foot depth in 1930 occurred shortly after the maxi- 
mum air temperature, while at a depth of 12 feet the maximum was 

not reached until No- 
vember 3, or 15 weeks 
later 

The time of the oc- 
^ currence of the mini- 
mum and maximum 
I soil temperatures as 
I compared to the min- 
^ imum and maximum 
air temperatures, or 
the lag, IS not the 
same each year Dur- 
ing some years this 
lag at the 3-foot depth 
may be 80 hours (17), 
while in 1930 it 
ranged from 2 to 3 
weeks This is due to 
the varying moisture 
r//*f£ /-V Content of the soil 



Figlre 1 —Subsoil temperatuies by 4-week a\erages at depths 
\drjmg from 4 to 12 feet, Djivjs, Calif. December 17, 1928, to 
December I't, 1930 


and IS also affected by 
the character of the 


air temperatuie pre- 
ceding and following the time of occurrence of the minimum and 


maximum temperature In other words, during the week preceding 
or following the occurrence of the maximum air temperature, the air 
temperatures may have been as much as 10 degrees lower or perhaps 
within 2 degrees of the maximum 
The changing soil temperatures throughout the year can also be 
illustrated by determining the mean monthly temperatures (fig 3), 
and in this way the ebb and flow of heat can be better understood 
As previously stated, the soil temperatures at depths of 4 to 12 feet, 
inclusive, were obtained by weeldy readings 
During most of 1930 continuous temperature records were also 
obtained for various depths less than 4 feet by means of electrical 
resistance thermometers and an automatic temperature recorder 
From data obtained during previous years and by the use of mean 
monthly air temperatures, the average monthly soil temperatures were 
determined for those months in 1930 when the automatic temperature 
recorder was not operated. The data, therefore, for depths less than 
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SUMMARY 

Soil temperatures were determined by means of electrical resistance 
thermometers at Davis, Calif,, in an unirrigated area that was kept 
free from vegetation during the experiment and for 6 years before 
the experiment- The water table stood at a depth of 20 feet During 
the wet season, September to May, the soil was generally moist to 
field capacity. During the dry season the greatest loss of moisture 
occurred from the surface foot of soil 

Durmg 1930, May and November appeared to be pivotal months 
with relatively uniform soil temperatures at all depths from 4 to 12 
feet The annual temperature ranges for the various depths w^ere 
27° F at 4 feet, 22° at 5 feet, 18° at 6 feet, 14° at 8 feet, 12° at 10 feet, 
and 9° at 12 feet In the lower subsoil the temperature ranges per 
foot increase in depth were not of such great magnitude as in the 
upper subsoil. 

The time of occurrence of the minimum and maximum soil temper- 
atures at depths ranging from 1 foot to 12 feet is practically a straight- 
line function of the depth At the 1-foot depth they occmTed on the 
same day as the minimum and maximum air temperatures, while at a 
depth of 12 feet the minimum soil temperature did not occur until 
16 weeks later, and the maximum not until 15 weeks later 
The average monthly soil temperatures for depths rangmg from 6 
inches to 12 feet show that during the early part of the year the upper 
subsoil has the lowest temperature and the subsoil is progressively 
warmer with the depth. Although the upper subsoil becomes pro- 
gressively warmer m February, March, and April the lower subsoil 
becomes progressively colder, attaining m April its lowest average 
monthly temperature for the year In April tne average temperature 
(60° F ) is nearly the same for all depths from 1 foot to 12 The 
upper subsoil contmues to become warmer until July, and then becomes 
cooler in August, while the deeper subsoil is warmer in August than 
in July At a depth of 12 feet, the highest average temperatures 
occur in October and November A 6-monthly symmetry is shown 
by the tempera tuie waves 

" The annual average soil temperatures for depths ranging from 6 
inches to 12 feet were found to vary from 65° to 67° F , while the 
annual mean air temperature, based on records obtained from 
minimum and maximum thermometers, was 58 8° 
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Table 1 — Monthly mean an temperatwes and lainfallf loith depaitiiteh from the 
no) nial, at DaviSy Calif , 1930 


iSEonth 

Monthly 
mean an 
tempei a- 
ture 

Depar- 

ture 

from 

normal 

Mon 1 lily 
lainfall 

Depar- 

tuie 

from nor- 
mal 


u O p 

o 

I'nche't 

Jtichfs 

Januarj - — 

43 6 

-1 0 

3 80 

-0 07 

February.. - 

62 0 

+3 4 

1 66 

— 1 15 

March.. - - 

54 0 
57 2 

+1 1 

0 

3 48 
92 

+1 07 
- 17 


59 0 

-4 1 

18 

- 46 


70 6 

+ 6 

0 

- 14 


72 7 

-1 9 

0 

- 01 

August 

73 0 

- 2 

0 

“.01 

September 

65 6 

-3 6 

23 

“ 10 

October- - - - 

59 3 

-2 1 

69 

“ 03 

\o\ember 

53 6 

+X 8 

92 

“ 69 

December 

44 6 

0 

20 

“3 20 

Annual mean 

58 8 

- 5 

12 08 

“4 95 


The monthly mean air temperatures in 1930 for February, March, 
June, and November were higher than the normal, and during the 

remaining months of 
the year they were 
cither equal to, or fell 
below, normal In 
February, 1930, the 
mean monthly air 
temperatiue was 3 4® 
F. higher and in May 
it was 4.1° lower than 
the normal. It was 
during these two 
months that the 
greatest departures 
in the air tempera- 
tures from the norm al 
occurred. 

The rainfall was 
above normal in one 
month only (MarcJi), 
when the departure 
Figure 3 —Monthly averages of soil temperatures m degrees Fah- amoiintod tO 1 07 
durmg^ 93 o'^^^*^® ^ ’ inchcs. The great- 

' est departure in 

ramfall from the normal occurred in December of 1930, when the 
precipitation was 3.20 inches below normal. 

The annual average soil temperatures for depths varying from 6 
inches to 12 feet for the year 1930 were found to range from 65 to 
^ inches, 1 foot, and 12 feet the average was 65°, at 3 feet and 
10 feet it was 67° , and for the other depths it was 66°. The average 
annual mean air temperature, based on records obtained from mini- 
mum and maximum thermometers, is 59 3°, and during 1930 it was 
58.8° The annual average soil temperatures for 1930, at all depths 
from 6 inches to 12 feet, were therefore higher than the mean air 
temperature for 1930 determined from minimum and maximum 
thermometers. 





A METHOD FOR THE DETERMINATION OF COMPARATIVE 
HARDINESS IN SEEDLING ALFALFAS BY CONTROLLED 
HARDENING AND ARTIFICIAL FREEZING ‘ 

By George L Peltier, Plant Pathologist, Xebraska Aqiicultural Experiment 
Station, and H M Tysdal, Associate Agionomist, Division of Forage Crops and 
Diseases, United States Department of Agriculture 

INTRODUCTION 

In a recent publication the writers ( 5 )^ pointed out that 2-year-old, 
field-grown alfalfa plants were not found to be satisfactory for use in 
comparative controlled-hardiness tests The variability of both the 
environmental factors and the plants within any one sort was so great 
that comparisons between different alfalfas varymg m hardiness 
within small limits could not be made Striking differences, however, 
were obtained between hardy, midhardy, and nonhardy alfalfas In 
order to decrease this variability matenally and shorten the time 
element, seedling alfalfa plants, grown entirely under controlled con- 
ditions in the greenhouse, were studied to determine whether or not 
they can be employed in comparative hardiness tests 
The primary object of this investigation was to develop adequate 
methods under controlled conditions that would give (1) consistent 
hardiness values comparable to field results, (2) a suitable procedure 
for the selection of hardy plant types, and (3) standard conditions that 
would serve as a basis for fundamental studies concernmg the nature of 
hardiness in alfalfa and other crop plants 

EQUIPMENT 

The studies herein reported were carried out with the controlled 
hardening and freezing equipment recently desciibed by Peltier (3) 
The hardening chamber was maintained at a uniform temperature 
slightly above 0° C The temperatures in the freezer loom weie 
varied, depending on the temperature and length of exposure desired 
The temperature iii the Ireezer and the temperature of the materials 
under test were determined with coppei -cons tan tan theimocouples 
by means of a potentiometer and galvanometer In later experiments 
a 16-point Leeds and Northrup resistance thermometei recorder was 
substituted for the thermocouples 

METHODS OF PLANTING AND GROWING THE SEEDLINGS 

GENERAL METHODS AND PROCEDURE 

It was found in preliimnary trials that hard seeds sometimes caused 
confusion in the survival counts, especially when young seedlings were 
tested, because these seeds germinated after the artificial freezmg 
To avoid this complication small quantities of all alfalfa seeds, as 
needed, were treated for 10 minutes with concentrated sulphuric acid 


1 Received for publication Sept 2l, 1931, issued April, 1932 Paper No 109 of the Journal Series of 
the Nebraska Agricultural Experiment Station This paper, the second of a senes on hardiness in alfalfa, 
is based on cooperative investigations between the Department of Plant Pathology, Nebraska Agricultural 
Experiment Station, and the Division of Forage Crops and Diseases, Bureau of Plant Industry , U S 
Department of Agriculture 
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counts of the plants can be made two weeks after freezing All 
final counts in the cold-resistance tests were made two weeks after 
the plants were exposed to low controlled temperatures 

INFLUENCE OF THE TYPE OF CONTAINER ON THE VARIABILITY OF THE PER- 
CENTAGE SURVIVAL OF SEEDLINGS AFTER ARTIFICIAL FREEZING 

The following four types of containers were employed in these 
studies: (1) Cypress flats (15 by 18 by 6 inches), (2) metal water- 
tight flats of the same dimensions; (3) porous clay pots (4 inches in 
diameter), and (4) square metal water-tight cans (4 by 4 by 6 inches) 
The plants were grown m these several types of containers to deter- 
mine the type most suitable for comparative cold-resistance tests, 
particularly from the standpoint of least variability in percentage 
survival of the seedlmgs after artficial freezing The plants used in 
these experiments were uniformly 1 month old and had been hardened 
for 15 days before freezing 

The standard deviation of a smgle determination, the coefficient of 
variability, and Weinberg^s coefficient of variability of the percentage 
of survival of the seedlings after freezmg are given in Table 1 for the 
different types of contamers The standard deviation of a smgle 
determination of all the tests which were extremely low or extiemely 
high in percentage survival of the seedlings is less than that of the 
tests with mtermediate percentages of survival The average stand- 
ard deviation for all contamers with a survival from 76 to 100 per cent 
IS 9 1, and from 0 to 24 per cent is 10 6, whereas the standard devi- 
ation for all containers with a survival from 25 to 75 per cent is 
24 8 This is to be expected, smce a very low or very high percentage 
of survival of the seedlmgs tends to eliminate actual variations 
because the freezing temperatures may be so high that none of the 
seedlmgs are killed or they may be so low that all the seedlings are 
killed. In either case there would be no variability 


Table 1 — The influence of the hjpe of container on the vanahihty of the percentage 
sin viral alfalfa seedlings after exposuie to low controlled temperatures 

PLANTS IN CYPRESS FLATS 


Kind of alfalfa 

Average 

surMval 

Replica- 
tions “ 

Standard 
deviation 
of a single 
determi- 
nation 

Coeffi- 
cient ^ 
of vari- 
ability 

Wem- 
herg’b e 
coeffi- 
cient 
of vari- 
ability 


Per cent 

Number 





77 0 

24 

20 

26 

4 2 

Turkestan 

47 0 
41 0 

8 

24 

29 

51 

71 

5 6 

6 2 


32 0 

8 < 

19 

59 

5 0 


29 0 

8 I 

20 

69 

5 2 

Nebraska common 

28 0 

8 

20 


4 9 


24 0 

8 

21 

88 

5 6 


5 0 

. 8 i 

7 

1 140 

3 6 

Arizona, nnmmnn- 

2 0 

6 

! 8 

4 

1 200 

3 0 


1 S 

1 

; 167 

1 2 


“ 15 to 30 plants per replication in the large containers and 10 to 20 plants per leplieation m the small 
containers, month-old plants hardened uniformly for 15 days at 2® to 3® C, previous to freezmg, length of 
exposure and temperature varied with each test, depending on the type of container 

& C V ’°^ X100 

where M=mean, Mn=the highest value, Mo=*the lowest value, Ma=inean 

V(Ma-Mo) (Mn-Ma) 
of all variants 
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and iniTiiediately thereafter thoi’oughly washed with tap water and 

spread to dry. . , j- .1 

Enough soil was prepared at the beginning of each year ior the 
entire season This consisted of finely shredded sod soil to which 
some sand was added This mixture was umform m texture and high 
m fertility, so that it was possible to adjust soil moisture readily and 
grow healthy and vigorous plants 

Several methods of seeding were followed, depending on the type 
of contamer and the nature of the experiment As a rule, all sowings 
were heavier than necessary, and the plants were later thinned In 
the small containers the seed was sown broadcast If there were 
fewer tbfl.n eight plants m a contamer it was discarded The small 
containers usually had from 10 to 20 plants, the average being about 
15 Apparently the difference m the number of plants per container 
within these limits was not important, as no decrease in variability 
occurred when the plants in the pots were thinned to a uniform number 

Two methods were used m sowmg the seeds in the large contamers- 
(1) Sowmg broadcast a different alfalfa m each of the four quarters of 
the flats, and (2) sowing the seed m rows lengthwise of the flats and 
th innin g ordinarily to 20 to 30 plants per row. Precautions were 
taken not to sow the seeds too near the outer edges of the flats. 

The writers have been imable to find any publications dealing with 
comparative hardiness tests of young alfalfa seedlings under con- 
trolled conditions. For the most part previous investigators (5) 
have employed plants grown either m the greenhouse or field at least 
SIX months or longer, and m no mstance were the plants subjected to 
controlled hardening. In this study all seedhngs were grown under 
optimum conditions in the gieenhouse m several types of containers 
usually for about one month, but occasionally for two. The plants 
were then placed in a hardenmg chamber for periods of 2 to 39 days 
and subsequently exposed to low controlled temperatures, so that m 
general the age of the plants at the tune of the artificial freezing 
tests did not exceed 8 weeks 

In all tests the plants were counted just before they wore trans- 
ferred to the hardening chamber and again after they had recovered 
from freezing. Thus, a percentage of surx’ival based on the total 
number of plants was obtained. A system of detennining relative 
survival or injury by observation, as employed by Hill and Salmon 
(f), was not adopted because actual coimts were considered more 
accurate. No notes on injury to the tops wore taken, for generally 
the tops were completely killed back to the crown, from which the 
new growth usually started. 

A preliminary senes of tests was carried out to detenuine when 
survival counts should be made after the plants were artificially 
frozen. The new^ growth was observed in some instances in less than 
one week after freezing It was found that at the end of two weeks 
all plants that had survived the artificial freezing recovered and pro- 
duced sufficient new growth to be readily counted. Subsequent 
counts made at periods up to four weeks after freezing did not mate- 
rially change the final number, although usually a slightly lower sur- 
vival was found at the end of four weeks because a few plants died 
after imtial recovery. The average of 36 reaffings showed a 40 per 
cent survival two weeks after freezing and a 38 per cent survival 
four weeks after freezing. The results of these tests show that rehable 
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flats, it appears to make little difference so fai as variability" in the pei- 
eentage survival is concerned, which type of container is employed 
A serious objection, however, to the use of metal flats is indicated 
below . 


Table 2 — The influence of the various types of containers on the variahilthj in 
survival of 1-month-old alfalfa seedlings aftei exposure to low controlled temperatures “ 


Kind of alfalfa 


T\T)e of container 


1 

I Average 
j Wein- 
1 berg’s co- 
I efficient 
; of varia- 
bility 


Turkestan. 


Grimm 

Nebraska common. 


[Cypress flats. 

{Metal flats (constant moisture) i 

Metal cans (constant moisture) 

(Pots - 

I Metal cans (constant moisture) 

Pots 

[Pots (constant moisture) 

Cvpress flats 


0 h 
3 9 

5 2 

6 7 
b 1 
5 6 
b 0 
5 2 


“ Only the data from the e\periraents reported m Table 1 which showed a sur\i\al of 25 to 75 per cent 
w ere averaged 

INFLUENCE OF THE POSITION OF THE ROW IN THE FLATS ON THE SURVIVAL OF 
SEEDLINGS AFTER ARTIFICIAL FREEZING 

In order to determine whether the position of the row m the flats 
had any influence on the survival of seedlings after freezmg, the 
following experiment was undertaken Seed of Turkestan alfalfa was 
sown in 6 rows lengthwise in 4 cypress and 4 metal flats The seed- 
lings were allowed to grow under optmium conditions for one month 
in the greenhouse before they were transferred to the hardening cham- 
ber Here they remamed for two weeks and were then exposed to 
freezmg temperatures Two weeks later a count of the surviving 
plants was made In the cypress flats the percentages of survival 
were as follows. In the 2 inner lows 87 6, in the 2 intermediate rows 
79 9, and m the 2 outer rows 63 9 per cent; in the metal flats the 
correspondmg percentages were 55 8, 35 4, and 19 4 The diflFerence 
m the percentage smvival between the tw"o inner and the two outer 
rows in the metal flats was much gi eater (36 4 per cent) than m 
similar rows in the cypress flats (23.7 per cent) 

In order to determine 'whether there was more variability in sur- 
vival between plants in the rows of one flat than between rows in 
different flats, calculations were made from the data obtained m 
the foregoing study It was found that the standard deviation cal- 
culated by the deviation-frcm-the-mean method on the basis of slx 
rows vuthin each of 4 cypress flats was 13 9, whereas between rows 
m the same relative position m diffeient flats it was 20 2 Similar 
results for the metal flats gave standard deviations of 21 1 and 16.1, 
respectively These results show" that vaiiability m survival wnthm 
the same cypress flat is less than that betw^een rows m the same rela- 
tive position of different flats frozen at the same time The reverse 
IS true of the variability of survival m the metal flats The varia- 
bility wuthin a cypress flat is less than m any of the other combmations 
Since it IS desirable m comparative cold-resistance tests that compari- 
sons betw"een unknowm alfalfas and the contiol be as accurate as 
possible, the cypress flats w’ere extensively employed and alfalfas of 
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Table 1 — 'The influence of the type oj containei on the vanabihty of the per centaae 
survival oj alfalfa seedlings after exposure to low controlled temperatui es Continued 

PLANTS TN METAL FL VTS (CONST iNT MOISTURE) 


Kind of alfalfa 

V\erage 

survival 

! Replica- 
tions « 

Standard 
de\ lation 
of a single 
determi- 
nation 

CoplTi- 
eient 
of vari- 
ability 

V\ em- 
betg’^- « 
eoefli- 
cienl 
of \ ari- 
abilit V 

Turkestan 

Per cent 

ti7 

Xu m her 
24 

1 

1(1 1 

44 

^ 0 


PLANTS IN METAL CANS (CONSTANT MOISTURE) 



% 0 

B 

3 

1 

2 1 


87 0 

6 

4 


2 .1 


sti 0 

7 1 

S 

0 

4 4 

Turkestan - - 

75 0 

7 

s 

11 1 

3 I 


71 0 

7 

2f) 

If, 

B f. 


B? 0 

7 

2? 

14 

5 1, 


74 

10 

2<) 

10 

(, f) 

Grimm 

50 

25 

27 

t() 1 

5 5 


17 

10 

20 

lis 

5 1) 


PLANTS IN POROUS CL\Y POTS 



({r nim.. 





f 04 



7 




1 74 

S 

25 

31 


3 \ 
h 0 


It IS evident from the data m Table 1 that the eoellicioiit of vaii- 
abihty does not offer a dependable measure of the variability of th<' 
surviving population, because m general the higher the percentage 
survival the lower the coefficient of variabilitv. Weinberg’s coeffi- 
cient of variability as used by Winter (7) is not subject to this criti- 
cism, since it is not dependent upon the magnitude of the percentage 
survival of the seedlings after artificial freezing In compaimg the 
influence of the type of container on the vanabuity of the percentage 
survival, Wemberg’s coefficients were averaged m only those instances 
in which survival was between 25 and 75 per cent 'The data shown 
m Table 2 mdicate that the variations of the variability in percentage 
survival in the different containers were not large With Tuikestan 
seedlings there was least variability in the metaf flats and cans, while 
with Grimm there was least in the pots The metal containers always 
had a weighed amount of soil which was brought to a constant moisture 
content before freezing. _ An attempt was also made to have the mois- 
ture content of the son in the cypress flats and pots as nearly uniform 
as possible before freezing With the possible exception of the metal 
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Since the freezing in this experiment was too severe to bring out 
differences in the younger plants, a second experiment was under- 
taken to ascertain the behavior of the plants at these stages of growth 
when exposed to less severe freezmg A series of plantings of two 
alfalfas was made at intervals in pots At the end of 26 days after 
the first seeding the entire lot vras placed in the hardening chamber 
and kept there for 15 days. At the end of that time the plants in 
the pots vrere exposed for three and one-half hours to a temperature 
of —14° C Two weeks later survival counts were made. (Table 
4 ) Apparently the seedhngs were somewhat more resistant to 
cold in the cotyledon stage than when the third leaf had developed, 
although there were no appreciable varietal differences in cold resist- 
ance at these stages. As the trifoholate leaves appeared, the seed- 
lings were not only more cold resistant but the varietal response to 
cold became more marked. It might be mentioned that the stage 
of development as shown in Table 4 also applies in general to plants 
of the same approximate age m Table 3. In comparative cold- 
resistance tests, therefore, the seedlmgs were growui for approximately 
one month under optimum conditions, at which time at least three 
true leaves had developed 


Table 4 — Influence of age and stage of development on the cold resistance of alfalfa 

seedlings " 


Xmd of alfalfa 

Age of 
seedlmgs 
previous 
to hard- 
ening 

Stage of plant development 

Average 

survival** 


Days 


' Percent 

Turkestan. 

26 

9 to a frifnlinlntA leavfts __ _ _ 

\ 69 0 

Arizona common 

26 

- do, - 

1 43 0 

Turkestan 

19 

1 trifoliolate leaf 

i 43 0 

Arizona common 

19 

On, ^ ______ 

1 18 0 

Turkestan . 

10 

nnf.ylpOnn.'^n.TiO thud leaf 

1 5 1 

Arizona common __ 

10 

dn ___ . _ __ _ 

1 4 6 

Turkestan 

5 

Cotyledons emerging 

' 13 5 

Arizona common 

5 

do _ _ __ 

1 13 3 



i 


« All plants in pots hardened uniformly for 15 days at 2® to 4® C , and exposed for 3H hours to a tempera- 


** Average of 9 replications, each replication consistmg of 15 to 30 plants of each alfalfa at each stage of 
development, 

METHODS OF HARDENING SEEDLINGS 

The importance of the hardening process in crop plants has been 
estabhshed through the studies of many investigators. In the pres- 
ent work the writers were mterested particularly in determining the 
optimum condition for hardening and the exposure which would pro- 
duce maximum hardening of alfalfa seedlmgs. For these studies the 
hardening chamber (S) was maintained at a uniform temperature 
of about 2° to 4° C., no attempt being made to vary it 


INFLUENCE OP THE LENGTH OP EXPOSURE IN THE HARDENING CHAMBER ON THE 
‘ SURVIVAL OF SEEDLINGS AFTER ARTIFICIAL FREEZING 


Since the tune required for maxiinuna hardening in seedling alfal- 
fas under controlled conditions has apparently never been reported, 
this constituted one of the essential steps in the development of a 
comparative test for cold resistance A number of expenments 
were undertaken to determine this point. 
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unknown hardiness were sown in alternate rows in the same flat with 
an alfalfa of known Jiardmess The percentage survival of the three 
rows of unknown and the three rows of known alfalfas were averaged, 
thus elinimatmg any systematic error with reference to the original 
position of the seedlings in the flats 

INFLUENCE OF AGE ON THE RESISTANCE OF SEEDLINGS TO COLD 

To determme at what age young alfalfa seedlings would exhibit 
comparable differences in resistance to cold, the following experiment 
was undertaken with Turkestan, Grimm, and Arizona common Trip- 
licate seedings of each alfalfa were made in rows in cvpress flats 
each succeeding week for a period of two months under optimum 
conditions for growth At the end of this period all flats were trans- 
ferred to the hardening chamber mamtained at a tempei*ature of 2^ 
to 4° C and kept there for 15 days Since a large number of flats 
\\ere mvolved, all could not be exposed to low temperatures at the 
same time, so that it was necessary to freeze on three successive days 
The average exposure was six hours at —16°. After freezing, the 
plants were removed to the greenhouse, and two weeks later survival 
counts were made The percentage of survival of the different alfal- 
fas at various ages is shown in Table 3 Apparently, under the con- 
ditions of this experiment, seedhngs up to the age of 18 days are very 
susceptible to cold, all alfalfas being almost completely killed out. 
Comparative differences in cold resistance are well marked whether 
the seedlings are 25 or 60 days old The percentage of survival at 32 
days is fairly high, although not so high as that of older seedlings 

Table 3 - — Influence of age on the cold resistance of alfalfa seedhngs « 


Kind of alfalf \ 

Age of 
seedlings 
previous 
to hard- 
ening 

Average 

survival* 

Aveiage 
survi\ al 
of all al- 
falfas at 
each age 

Turkestan 

Dayn 

Per cent 

Per cent 

Gnmiu 

• 00 

51 


Arizona commoa 


51 

Turkestan 




Gnmna 

53 



Arizona common 




Turkestan 




Gnmm _ , . 

47 

10 

23 

Arizona commoa 

Turkestan 




Gnmm 

, ^;{r) 

Oi'X 


Arizona common. 


1 

' 20 

Turkestan,, 



Gnmm 

32 

43 


Arizona common 


23 

Q 

25 

Turkestan 


n 

23 

1 A 


Gnmm 

Ofi , 


mzona common 

sS<> 

A 

’ 11 

Turkestan 


i> 

<> 


Gnmm 

. 18 



Arizona common ^ 


U 

* 1 

Turkestan " * ' 


0 

A 


Gnmm - - - ^ 

n 

u 


Airizona common 

0 

A 

0 

Turkestan 


1 

0 


Gnmm 

■ 4 


Arizona common 


0 

A 

■ 0 



i. u 



_»AU plants hardened uniformly for 16 days at 2° to 4° 0 , and exposed foi fl hours to a temperature of 
ot‘ftevSment!“^“ replications, each replication consisting of 15 to 30 plants of each alfalfa at each stage 
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Only one alfalfa, Tmkestaii, was employed m the second experi- 
ment oJ this senes Seed was sown iii So pots at the same tune, and 
ei^ht ]:)ots were removed at various intervals to the hardening: room 
Aftei haidemng, the plants were exposed on the same day for 6?4 
hoiiis to a temperature of — 14 6*^ C This temper atm e was some- 
what lower than that employed m experiment 1, and consequently 
the percentages of survival were lower The lesults are shown in 
experiment 2, Table 5. All the plants that \vere transferred directly 
from the greenhouse to the freezer room without hardening succumbed 
Even the plants that were held in the hardening chamber for eight 
days failed to recover However, four additional days in the hard- 
ening chamber resulted m a survival of about 34 per cent Sixty- 
five per cent of the plants that had had a hardenmg period of 16 days 
recovered Extendmg the period up to 23 days apparently did not 
materially increase the percentage of survival 

A third experiment with Grmim seedhngs %vas similar to the others, 
except that the length of exposure m the hardening chamber was 
extended to 35 days Seed for the plants hardened 35 days were 
sown a month before the others The plants were exposed on the 
same day to a temperature of — 14 6° C , but for only hours. In 
general, the results are similar to those repoited m the precedmg 
experiment, namely, the percentage survival after artificial freezmg 
is directly correlated with the length of the hardening period, within 
certain limits It will be noted that only 4 per cent survival resulted 
when the hardenmg period was extended to 35 days, and it is apparent 
that a prolonged period of hardenmg so weakens the young seedlings 
that they are easily killed by artificial freezmg In these three 
experiments the plants, with one exception, were all of the same age 
at the tune of freezmg, but they varied m the stage of development, 
since they were transferred to the hardening chamber at different 
intervals 

Up to this pomt the study of the influence of hardening on cold 
survival under conti oiled conditions has involved seedlings grown 
in pots Although the seedlings were the same age, they had not 
reached the same stage of development when exposed to artificial 
freezmg, because the different groups of seedlings remained in the 
hardenmg chamber for different lengths of time A fourth experi- 
ment was therefore made m which cypress flats were used and the 
dates of planting were so arranged that the plants would have reached 
the same stage of development at the time they were transferred to 
the hardenmg chambei Briefly, three flats were sown to each of 
five alfalfas on three different dates While the plants were all of 
the same age when they were placed m the hardening chamber, 1 
lot was hardened for 39 days, 1 for 18 days, and 1 for 8 days. The 
plants in all the fiats were then exposed for 8 hours to a tempera- 
ture of --17° C. The length of exposure was greater and the tem- 
perature was lower m this experiment than in the pot experiments, 
since larger amounts of soil were contained m the flats than m the 
pots However, the results are similar to those already given, as 
may be noted m experiment 4, Table 5 Here again, as in experi- 
ment 3, an extended hardening period apparently so weakened the 
plants that they could not withstand artificial freezing It is inter- 
esting to note that the plants in experiments 1, 2, and 3, Table 5, 
that were in the hardenmg chamber longest, were able to overcome 
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In the first experiment 50 pots of each of 5 allfillas Tiirkestaii, 
(Jnmm, Nebraska common, Ntali common, and Ar)/,ona common 
were planted in October and allowed to plow m tin* preenhonsc for 
35 days Four pots ol each of the 5 alfalfas, containing fiom 10 to 
20 plants, were then transferred to the hardening chamber, first at 
3-day intervals, then at 2-day intervals, and finally at l-day inl.ervals 
All plants of the five alfalfas w'ere then exposed to a temperature of 
- 13 6° C for four to seven hours The percentage of plants surviv- 
ing at the end of two weeks is shown in Table 5, expcnniont 1. The 
percentage of survival was highest for the plants that had previously 
had a 14-day hardening period, and lowest for the plants that had 
been in the hardening room only 4 to 6 days In general, the results 
show that, particularly with the hardier soits, the longer the plants 
are held in the hardenmg room the higher the percentage of survival 
after artificial freezing and apparently the wider the dift'erences be- 
tween the alfalfas representing hardy, midhardy, and nonhardy types. 


Table 5 — Influence of the length of exposure %n the hmdeninq chamhei on the 
suunval of alfalfa seedlings to aitijicial freezing 


PLANTS IN POTS (EXPERIMENT 1) « 

Days in 


Percentage survival of— 


harden- 






ing cham- 






her 

Turke- 

Grimm 

Nebraska 

Utah 

An/ona 

(number) 

Stan 

common 

common 

common 

14 

93 

94 

75 

53 

40 

11 

09 

69 

t)9 

72 

74 

0 

78 

67 

57 

48 

29 



40 

22 

25 

5 

(> 

45 

48 

31 

26 

23 

5 

27 

15 

14 

25 

8 

4 

35 

28 

7 

0 

0 

PT ANTS IN POTS (EXPERIMENT 2) fc 

23 

19 

00 

02 

— 






16 

05 






12 

34 





8 

0 





0 

0 



- - - 


PLVNTS IN POTS (EXPERIMENT 3) 

35 


i 




14 


08 




11 


80 




0 


43 



" " 


2 


11 









PLANTS IN CYPRESS EL ITS (EXPERIMENT 4) r 

39 

15 

18 

5 

15 

1 

18 

82 

60 

58 

43 

16 

8 

61 

55 

43 

20 

12 


» Each figure represents 4 pots containing 10 to 20 plants of each alfalfa, plants exposed for from 4 to 7 
Hours at — lo 6 L 

k Each figure represents S Pots containing 10 to 20 plants, the Turkestan plants woi e exposetl for 0 hours 
and the Grimm plants for 6H hours to a temperatm e of - 14 6® G / 1 ^ ^ 

« Each figure represents three flats containing 5 alfalfas, of about < 
hours at -17® 0 


) plants each, plants exposed for 8 
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Table 6 — Relation of the hardening and freezing iemperatures, and the soil tern- 
peiature duung freezing ^ to the percentage survival of alfalfa seedlings “ 


Soil 

tempera- 

ture 

before 

freezing 

Period of 
exposure 

Temper- 

ature 

main- 

tained 

Resulting soil temperatures , 

at depths of— 1 Survival 

'of alfalfa 

1 i plants 

I 3 cm 3 8 cm i 7 6 cm i 

! ! 

° C 

19 5 

4 0 

18 0 

6 0 

Hours 

2 

2 

4 

4 

° C 
-18 3 
-IS 3 ! 
-10 0 
-10 0 

° C I ® C ! “ C Percent] 

5 3 1 10 0 1 12 0 47 i 

-11] 6 9 ' 75 1 

1 3 6 0 8 7 50 . 

4 1 11 17 100 

1 ' 1 


“ Based on a study of 4 flats containing 15 to 30 1-month-old seedlings of each of 4 alfalfas 

The air temperatures in the freezer room exert a decided influence 
on the rate of freezing and the ultimate sui'vival of the seedHngs 
An air temperature of C. for two hours resulted in a 47 per 

cent survival, whereas a 4-hour exposure at —10° was reqim^ed to 
produce approximately the same percentage survival m those flats 
with a high soil temperature previous to freezing It will later be 
shown that the final soil temperature during freezing hkewise has an 
important bearing on the subsequent survival of the seedlings. In 
other words, all these factors are important and each must be con- 
sidered in determimng the proper procedure in comparative freezing 
tests 

INFLUENCE OP THE PRECBNTAGE OE SOIL MOISTURE ON THE RATE OF FREEZING 
IN THE SOIL AND PERCENTAGE SURVIVAL OF SEEDLINGS 

In the preceding section it was shown that soil temperatures at the 
time the flats were placed in the freezer influenced the rate of freezing 
the soil In these experiments moisture content of the soil was uni- 
formly high In order to determine the influence of the percentage 
of soil moisture on the rate of freezing, four alfalfas (Grimm, Nebraska 
common. New Mexico common, and California common) were sown 
in each of four flats and allowed to grow for one month under optimum 
conditions. They were then transferred to the hardening chamber 
for a period of two weeks Just before freezing, the soil was allowed 
to dry out, so that it contained approximately 12 per cent moisture 
m all the flats. The soil in three flats was then brought to 17, 27, and 
33 per cent moisture, and the soil m the fourth allowed to remain at 
12 per cent The flats were then exposed for various periods to an 
average temperature of —18.9° C. 

By means of thermocouples placed in the^ soil at a depth of 1 3 
centimeters the rate of depression of the soil temperature was ob- 
tained After freezing, the flats were transferred to the greenhouse, 
and two weeks later survival coimts were made. The results of this 
experiment are presented graphically m Figure 1 . In the soil with a 
moisture content of 12 and 17 per cent the temperatures dropped to 
0° C. within a few minutes, and within four hours had reached tem- 
peratures of —5° and —4°, respectively On the other hand, in the 
soil with a moisture content of 27 per cent, the temperature at the 
end of 4 hours was still above 0° and it did not reach —4° until after 
a 10-hour exposure, a difference of 6 hours. Finally, in the fllat hav- 
ing a soil moisture of 33 per cent, the temperature did not reach 0° 
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the handicap of being somewhat less advanced m development, 
which, as Tables 3 and 4 show, would natuially make them less 
resistant to cold This fact emphasizes the large degree of harden- 
mg which occurs durmg the longer periods 

From these experiments it may be concluded that 1-month-old 
alfalfa seedlmgs not only attam maximum hardening m about 15 
days under controlled tempeiatures of 2° to 4° C., but that these 
same conditions bring out the greatest differences between the hardi- 
ness of the various alfalfas A hardenmg period of a few days or 
one of prolonged duration is not satisfactory, because comparative 
differences are not so pronounced Therefore, m comparative hardi- 
ness tests 1-month-old seedling alfalfas were held in the hardening 
chamber for two weeks prior to artificial freezing. 

METHODS OF FREEZING THE SEEDLINGS 

For the artificial freezing of alfalfa seedlings a freezer 1*00111 (J) 
was used in which uniform temperatures at any point between 0° 
and —30° C. could be maintained for indefinite periods Before a 
comparative cold-resistance method could be developed, it was 
necessary to determme the length of e.xposure to temperatures which 
would insure a uniform percentage of survival of the same alfalfa in 
repeated tests and bring out the maximum differences in survival 
between alfalfas of different degrees of hardiness 

INFLUENCE OP THE HARDENING AND FREEZING TEMPERATURES AND THE SOIL 

TEMPERATURE DURING FREEZING ON PERCENTAGE SURVIVAL OP SEEDLINGS 

As the alfalfa seedlings were exposed to low temperatures either 
m small or large containers, a study of the influence of the various 
factoi*s involved m determining the correct length of exposure and 
temperature for a uniform survival of the same alfalfa was necessai*y. 
Some of the factors which may be involved are: (1) The soil tem- 
perature prior to freezing; (2) the air temperature and length of ex- 
posure m the freezer, (3) the rate of freezing of the soil; and (4) the 
relative importance of the air and soil temperatures on the survival 
of the seedlings Flats containing 6 inches of soil and 1-month-old 
alfalfa seedlings were held at different temperatures prior to freezing. 
The soil temperature was measured by means of theimocouples at 
three depths after an exposure for different periods of time and also 
at two freezer-room temperatures. The results of the various tem- 
perature measurements, together with the percentage survival ob- 
tained under these conditions, aie listed m Table 6. The results 
show that the soil temperatures previous to freezing have a direct 
bearing on the degree of lowering of the soil temperatures in the 
freezer and the subsequent survival of the seedlmgs. For example, 
the flats with the high soil temperatures before freezing had a much 
greater drop in soil temperature than those with a low soil tempera- 
ture before freezing This is reflected in the lower percentages of 
survival. A contributmg mfluence, however, is the degree of hard- 
ening which occurred in those plants exposed to the lower tempera- 
tures before freezing. This hardenmg enabled a greater number of 
plants to survive, even though the final soil temperature was lower 
than that in the other flats. 
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consistent results than a long exposure to a higher temperature. 
Numerous trials have mdicated that records of the soil temperature 
depressions aid greatly in deterrnining the proper freezmg exposure. 
Better results have been obtained when the contamers were exposed 
for relatively short intervals at a low temperature than when they 
were left until the soil had reached the air temperature of the freezer 
room This necessitates longer exposures at higher temperatures 
The former procedure is more nearly comparable to conditions m 
the field, where mminum soil temperatures rarely approach mimmuni 
air temperatures Therefore, in most of the comparative hardiness 
trials temperatures between — 10° and —20® C were employed, with 
relatively short exposures No definite freezing exposure can be 
given, as this will vary with the degree of hardening of the seedlings 
as well as with soil type and other factors. 

The length of exposure to a given low temperature, however, is 
to some extent reflected in the percentage of survival, as shovm in 
Table 7 The percentages of survival were obtained by averaging 
the number of 1-month-old plants in five pots of each of eight alfalfas 
haidened off for a 2-week period, and exposed for various inteivals 
to a temperature of — 14 5® C An hour and twenty nunutes of 
exposure to this temperature resulted m a survival of 72 per cent, 
while an exposure of hours reduced the survival to 20 per cent 
For each increase in time of exposure between these two points there 
was a definite decrease in the number of seedlmgs that survived 

Table 7 — Influence of the length of exposure to a temperatuie of —14 o° on the 
penentage survival of alfalfa seedlings 


Average | 

Length of exposure I 
I plants ' 

, Ihnrs 1 Mtnnfes Ptr lent , 

I I 20 '2 

1 1 fiO (»l ’ 

' i 1 <K) ' n 

3 , W JO , 

I I 

" Based on a study of /» pots eontammg approMiiiateh fifteen 1-inont hold plants, of each of S .ilfalfas, i, e , 
600 plants The plants had been hardened for 15 da\s 

METHOD OF HANDLING THE SEEDLINGS AFTER FREEZING 

In practically all the experiments reported, the plants were removed 
directly" to the greenhouse from the freezer room From 24 to 36 hours 
elapsed before the soil in the flats came to the greenhouse temperature. 
Investigators are stOl in disagreement as to whether the rate of 
thawmg is a factor in the differential responses of alfalfas after arti- 
ficial freezing Janssen (£) states that slow thawing increases the 
percentage of survival in wheat, Weimer (6) reports that slow thawmg 
does not increase the percentage survival in alfalfa The writers 
(5) have presented data which show that slow thawdng of 2-year-old 
alfalfa plants increased the percentage of survival 

In an experiment one set of seedhngs in pots w'-as returned diiectly 
to the hardening chamber from the freezer room and held for a period 
of eight days before removal to the warm greenhouse, while a second 
set was taken immediately from the freezer room to the greenhouse 



440 


Jom nal oj Agi icultural Besemch 


Vol 14, No 5 


until after a 5-ho\u* exposure, and from tins point the tempciatiiK 
crradiially dropped to ~2 2° at the end of over 15 liours 

Thus the dner the soil, the fastei was the temporatuie depiessed 
The highei the moisture content of the soil, the more gradiia was 
the temperature depression The lowest temperatures weie also 
recorded in the di’ier soil In spite of the shortei exposuie, the per- 
centages of survival were lower m the dry soil and progressively 
higher as the moisture content of the soil increased 

These results show that the mfluence of the moisture content ol 
the soil is pronounced, not only on the rate and final temperatiiie 
depression in the soil, but also on the percentage survival oi the 
plants Thus, m comparative hardmess tests with seedling ailallas 



Figure 1 -—Kate of teraparature depression m the soil, as influenced by the soil-moisture content, 
and subsequent percentages of survival of alfalfa seedlings evposed in flats to a temperature of 
— IS 9® C for different periods of time The l-month-old seedlings were hardened foi two weeks at 
the same soil moi«tiire, w'hich v\as adjusted just prior to freezing 


it is imperative that not only the temperature of the soil but also the 
moisture content be made as umform as possible before the seedlings 
are frozen A comparatively high soil moisture is to be preferred 
because a more umform and gradual temperature depression occurs 
and the exposure can be extended over longer periods In all com- 
parative hardiness tests the moisture of the soil in which the seed- 
lings are growing is made relatively high and umform m all flats 
exposed at one time in the freezer room. 


INFLUENCE OF LENGTH OF EXPOSURE TO LOW TEMPERATURES ON PERCENTAGE 

SURVIVAL OP SEEDLINGS 

The technic of freezing seedlings has not been so perfected that 
it is possible to state that an exposure to a stated low temperatuie 
for a defimte period will result m a certain percentage of survival. 
Neither have enough records been accumulated to show whether a 
short exposure to a low temperature will give more uniform and 
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Table 9 — Comyarative cold lesistance of alfalfas ° 


Kind of alfalfa 


Survival of plants— 


In flats I In pots 


Turkestan (F C I Xo 15754) 

Grimm (P C I No 15713) 

Nebraksa common 

UtahCF C I No 15815) 

Arizona (F C I No 15S37) — 


Per cent 1 

P E b 

Percent 

P E b 

72 1 

=L7 3 

70 , 

±1 5 

58 1 

±5 9 

68 1 

±5 3 

51 1 

dz5 2 

53 1 

±5 6 

32 1 

±3 3 

50 ' 

±0 9 

14 1 

=i=l 4 

40 . 

±5 7 


“ Based on average results from 6 flats, each flat contaimng 15 to 30 plants of each alfalfa, and from 20 pots 
contaimng 10 to 20 plants Plants were grown for 1 month, hardened for 15 days, flats were exposed for 6 
hours to a temperature of —16 0® C and pots for 5H hours to — 13 S® C 
^ P E of the mean, calculated by deviation-from-the-mean method 

In order to test the vahdity of the method further, a series of eight 
alfalfas of known hardiness were sown both in pots and in rows in 
cypress flats The seedlings were allowed to grow for one month m the 
greenhouse Those in the flats were then hardened for 13 days and 
those in the pots for 11 days The flats were then removed to the 
freezer room and exposed for 2% hours to a temperature of -*20 4° C 
To insure success m obtaining the correct freezing exposure, the pots 
were divided into four lots of five pots each for each alfalfa. The first 
lot was exposed for IK hours, the second for 1%, the third for 3, and 
the fourth for 3}^ hours to a temperature of — 14 4° 

The percentage of seedhngs surviving after these exposures in the 
freezer room are given m Table 10, together with the probable errors, 
calculated by the deviation-from-the-mean method The higher 
probable errors in the tests vnth flats can be accounted for by the 
fact there were only four replications, whereas with the pots there 
were 20. This experiment, therefore, ^ves some idea of the number 
of replications necessary for comparative testmg for cold resistance 
of alfalfas. 

Table 10 — Comparative cold resistance of alfalfas 


Kind of alfalf<i 


Survival of plants— 

F C I 
accession 
No 

In flats “ j In pots * 

Per cent i P E « 

Per cent 

P E 

... 

Ladak 

14135 

47 -irS 9 

78 

65 

±1 9 
±1 6 
±2 6 
±3 5 
±2 5 
±2 0 
±2 3 
±1 5 

Turkestan 

15754 , 46 ->-8 7 

South Dakota common » 

14210 1 22 -<-4 2 ' 56 

Kansas common... : 

15749 1 S' ±15 

14470 ! 3 ± 6 

15744 ! 2 ± 4 

15837 1 ± 2 

45 

42 

29 

33 

24 

New Mexico common 

Provence 

Arizona 

Peruvian.. 

15830 

0 




« Based on 4 replications of 15 to 30 1-montb-old plants for each alfalfa, hardened for 13 dajs, and exposed 
for 2H hours to a temperature of —20 4® C 

* Based on 20 replications of 10 to 20 1-month-old plants for each alfalfa, hardened for 11 da>s, and exposed 
for from m to hours to a temperature of —14 4® C 
e P E of the mean, calculated by deviation-from-the-mean method 

The agreement between the rank of the alfalfas tested in the flats 
and pots is very close, and corresponds very nearly with the relative 
^ hardiness found with these same alfalfas in field experiments. Dur- 
# ing the past season (1930-31), individual hardiness tests have been 
made on 100 different sorts of alfalfa and, in general, as judged by 
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Afc the end of two weeks the average percentage survival of those 
held in the hardening chamber for eight days and thawed slowly was 
32 ± 1 9 per cent as compared to 18 ± 1 5 per cent for those which 
weie thawed rapidly Good comparable results were obtained by 
foUownng a uniform practice in removing the plants directly from the 
freezer to the greenhouse It yet remains to be determined whether 
there is a differential varietal response to slow thawing which would 
serve to bring out greater differences 

APPLICATION OF THE METHOD IN COMPARATIVE COLD RESIST- 
ANCE TESTS WITH ALFALFA 

In developing methods for testing comparative cold resistance, a 
number of alfalfas, representing different degrees of hardiness, were 
employed in order to compare the results with those that would be 
expected under field conditions with the same sorts of alfalfa As a 
rule the kinds used had been tested in general agronomic practice for 
a penod of years, so their hardiness was known 

In the first tests three alfalfas of different degrees of hardiness were 
employed Each alfalfa was grown in 24 replications m rows in 
flats, so that there were approximately 480 plants of each alfalfa The 
seedlings were grown for 1 month in the greenhouse, transferred to the 
hardemng chamber for 13 days, and then exposed to a temperature 
of — 19 6® 0 for 8}^ hours The percentages of survival are listed m 
Table 8 They are significantly different and in the same order as 
shown m field tests 


Table 8 — Compaiakve cold resistance of alfalfas ® 


Kind of alfalfa 

Survival of plants 

Turkestan (F C I No 15764) 

Per cent 
40 
27 

3 

P Eh 
=fc3 4 
=b2 8 
± 7 

Nebraska common 

\ri7ona(F C I No 15837) , 

1 


“ Based on a stud\ of 24 replications of 15 to 30 plants per ro\\ Plants were grow n foi 1 month in flat s, 
hardened for 1 1 dajs, and exposed for 8^4 hours to a temperature of — Ih (>° (’ 

^ P E of the mean, calculated bj deviat lon-from-l he-mean method 


In a second experiment five alfalfas were employed, and seed wuis 
sown in pots and in rows in flats Each alfalfa was leplicated six 
times with 15 to 30 plants in each row in the flats, and twenty times 
with each 10 to 20 plants in each pot The plants in the two types of 
containers were grown in the greenhouse for 1 month, transferred 
to the hardenmg chamber for 15 days, and finally the flats were ex- 
posed for 6 hours to a temperature of — 16 0° C and the pots for 5}i 
hours to a temperature of ~ 13 8°. Two weeks after freezing, sur- 
vival counts were made, (Table 9 ) In general they give a relative 
percentage of survival comparable to that obtained m field tests 
While the percentages of survival in the two types of containers arc 
not always identical, because of different lengths of exposure to low 
temperatures, the results are in agreement in differentiating the de- 
gree of hardmess between alfalfas Some may question the placing 
of Turkestan above Grimm in the hardiness scale. However, these 
results have been consistent in the writer’s tests The writers (4) 
have shown that certain lots of Turkestan are more hardy under the 
conditions of these tests than Grimm, whereas some are less hardy. 
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only, and Dwight Koonce, Assistant in Agronomy, Colorado Agricultural 
Experiment Station ^ 

INTRODUCTION 

Although an abundance of genetic work has been done on animals, 
only a few plant species have been studied in detail Barley, a crop 
of economic importance, has many easily determinable characters and 
a small number of chromosomes For this reason it offers good mate- 
rial for inheritance studies With the common occurrence of chloro- 
phyll-defective seedhngs the chance of identifymg different character 
pairs has mcreased, and a large number of factor pairs has been added 
to those already Imown The studies presented m this paper are a 
continuation of previous studies made for the purpose of establishing 
linkage groups m barley 

REVIEW OF LITERATURE 

A fairly extensive review of the hterature on linkage relations in 
barley is now available (o, 6, 3, 1, 2)^ The character pairs discussed 
m this paper which have been studied by previous workers are shown 
in Table 1, 

Table 1 — Character pairs discussed in this paper which have been studied by pre- 
vious workers 


Character pair 


Rough V smooth awn.. 


St\ie branching - 


Longv short haired rachilla.. 


Black \ white glume color.. 


Blue V w hite aleurone _ 


Hoods V awms- 


Greenv chlonna.. 
Green V albinos-. 


Investigator 


Hayes and Garber (o) . 
Qriffee (?) 


Sigfusson {12). 


Number of factors 
mvolved 


Robertson and Deming 

Hor {7) 

Robertson {10) 

Sigfusson (12) 

BuckJej (1). — - I 

Griffee (3) ' 

Ha^es and Garber {6) | 

Robertson (10) 

Sigfusson (12) , 

So and Imai {IS) * 

Ha>s and Garber (5) i 

.Buckley (i) I 

Hor (7) 

Hai es and Garber (5) ' 

Robertson ( 10 ) 

Bucklev (?) 

Nilsson-Ehle {&) 

tHallquist (4)—- 

/Nilsson-Ehle (S) 

iHallquist (4)... 


Single-factor difference.. 

2-factor difference F-* ' 
ratio, 12 3 1 

2-factor difference Fa 
ratio, 9 3 3 1 

3 pairs of cumulative 
factors 

•Single-factor difference.. 


-do. 


Single-factor difference 
(^ema) 


j^ingle-factor difference .. 


-do. 


-do. 


Symbol used 

(Hr) 

{UrSs) 

(jRrSa) 

Gg, GYy 

I (LI) 

loss) 

\{H) 

1 (LI) 

\(Bb) 

-iliBb) 

[(Bb) 

[<JSf bl) 

(Kk) 

(Kk) 

(Kk) 

AKk) 

i(Ff) 

\(F/) 

\KAm) 

'104303) 


1 Received for publication Aug 8, 1931, issued April, 1932 The part of this paper dealmg w ith the 
character differences m a Coast X Lion cross was submitted to the Department of Agronomy, Utah State 
Agricultural College, by Dwight Koonce in partial fulfillment of the requirements for the degree of master 
of science, March, 1931, 

* The writers gratefully acknow ledge the cooperation of Director C P Gillette and Prof Al\ in Kezer, of 
this station, m providing facilities for this investigation The writers are also indebted to Dr H K 
Hayes, professor of plant genetics, University of Minnesota, for helpful criticisms of the manuscript 
Reference is made bv number (italic) to Literature Cited, p 46t> 
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those whose hardiness was known, the results have been uniform and 
consistent in givmg an expression of their relative hardiness 

With a sufficiently large number of replications, the results ob- 
tained indicate the possibility of a wide application of this method 
In addition to its adaptability for testing new strains, selections, 
and introductions, it would appear to be valuable for selecting 
hardier types within a mass population 

SUMMARY 

The steps involved in the development of a method for the deter- 
mination of comparative hardiness in seedling alfalfas under con- 
trolled conditions have been presented This method as developed 
up to the present time consists essentially of the following general 
procedure 

Alfalfas are seeded in small pots or preferably in cypress flats in 
alternate rows with a control alfalfa of known hardiness, and allowed 
to grow under optimum conditions m the greenhouse for one month 
They are then transferred to the hardening chambei, held at a 
temperature of 2° to 4° C for two weeks Before the seedlings aic 
frozen, the soil is brought to a high and uniform moisture content 
The flats with the seedlings are then exposed in the freezer room for 
a number of hours to a temperature at some point between —10° 
and —20° The length of exposure to low temperatures is so gauged 
that about 50 per cent of the control alfalfa survives After freezing, 
the seedlings are removed to the greenhouse and two weeks later 
survival counts are made The actual percentages of survival of 
the alfalfas are calculated m terms of the control alfalfa, and com- 
parisons between alfalfas are made by^ this standard 
This method gives reliable and consistent results in the determina- 
tion of lelative hardiness in different alfalfas, and offers a lapid means 
whereby they can be tested for comparative cold resistance This 
method may also be used for selecting hardiei types within a strain 
oi variety of alfalfa. 
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crossover percentage of 28 70 ± 3 43 for the repulsion phase and 
34 54 ± 2 89 for the coupling phase 

Buckley (1) reports a hnkage of the factor pairs Bl hi for blue 
versus wlute aleurone and Kk for hoods versus awns A minimunx 

value of 2 23 was obtained at a crossover value of 41 per cent 
^ Hallquist (4) reports a linkage of the following chlorophyll-defec- 
tive seedhng factors: Albino 4, albino 3, and chlorina The crossover 

percentages were found to be 10 2 for albinos and chlonna, 3 8 for 
chlorma and albino 4; and 12 5 for albino 3 and albino 4 

VARIETIES USED IN THE EXPERIMENTS 

This paper presents a study of the inhentance of various factor 
pairs and their possible linkage relations. The following varieties 
were used in the various studies: Coast C I No 2791, Lion C L 
No 923, Minnesota 84-7, Trebi, Coast III, Colsess I, Colsess IV, 
Colsess V, and Minnesota 72-8 

Coast C I No 2791 has a white glume, short-haired rachilla, blue 
aleurone, branched styles, and rough awn The barbing extends the 
full length of the awn The gram is hulled 

Lion C I. No 923 has black glumes, long-haii*ed rachilla, un- 
branched styles, and smooth awns However, there is barbing of 
the awns at the base, -which was disregarded in this study. Also^ 
there is some barbing on the tip of the awms which varies, as"is shown 
by the awn mdices 

Minnesota 84-7 is a 2-rowed, -white-hulled, awned barley. The 
lachilla hairs are long and it carries the factor pair jf/ for chlorina 
plant color This barley was obtained from the Minnesota station 
and came originally from C HaUqmst Nilsson-Ehle {9) describes 
it as a pale-green chlorophyll-deficient type It is a 2-rowed strain 
of Gold. The color of the seedlmgs is “cosse green” (Ridgway, 
PI. V) ^ The plants grow to maturity but are somewhat stunted. 

Trebi {10) is a 6-rowed, bearded, hulled barley with heads very 
similar to those of Coast The strain Trebi I carries a factor pair 
{Atai) for green versus white seedlmgs which has previously been 
found hnked with the factor pair Bh for black versus white glume 
color. 

Coast III IS similar to Coast, but carries a factor pair (Tc^c) for 
green versus -virescent seedhngs {11) The virescent seedhng dies 
m the seedhng stage. It comes up with a very marked green tip on 
the first leaf 

Colsess is a 6-rowed hooded barley -with a hulled grain of a bluish- 
green color The straw and glume are hght yellow. The shank of 
the hood is about 5 mm long and is barbed at the base The rachis 
IS rather tough and the head does not shatter easily The rachilla 
hairs are short and the outer glume is covered with very short hairs. 
Several strams of this variety have been used m the studies of chloro- 
phyll deficiencies Colsess I and Colsess IV {10) carry the factor 
pair Acac for green versus white seedlings and Colsess IV carries the 
factor pair for green versus xantha seedlings. The factor pairs 
Acac and X^^c have previously been found to be closely linked. The 
strain Colsess V (IJ) is a chlorina plant, less vigorous than the normal 


< Ridgway, R color standards and color nomenclature 43 p , iilus , Wasbmgton, D C 1912.. 
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Table 1 — Chaiacter patis discussed in this papei which have been studied by pre- 
vious ivoikeis — Continued 


Character pair 

Investigator 

Numbei of factors 
invoh ed 

Svmbol used 


Hallcuiist (0 

Single-factor, difference. 
do 

c.u«o 


Kobei tson (10) - 


OrecTi V ^ 

do 


iXcXr) 


do 

do-- - 

(A tat) 

(vto2a«'») 

(Vd/c) 

T)n 

Robertson and Demmg 
(It). 

_do 


Ofoerj v ypllnw 

do 

OrftftTi V viTftScent _ 

do 



! - _ do 


Wc) 

' 



Three types of F 2 segregations have been described in differentiating 
between rough and smooth awns Hayes and Garber {6), in sum- 
marizing previous data, report that the Fi plants m crosses between 
rough and smooth awned varieties have rough awns, while the F 2 
generation segregated into rough and smooth awned plants in an 
approximate 3:1 ratm Griff ee (S) and Sigfusson (i;0) report a 
2-factor difference Griffee was able to divide the F 2 plants into three 
phenotypes only based on an arbitrary awn index division The 
types rough, intermediate smooth, and smooth were obtained 111 a 
12:3:1 ratio The factor R produces rough awns, while the factor S 
IS hypostatic to R and in the absence of R produces intermediate- 
smooth awns The double recessive rr ss produces smooth awns 
Sigfusson classifies the F 2 plants into four groups according to the 
degree of roughness. He states {12, p. 666): 

The rough and intermediate rough classes have barbs the entire length of the 
awn, but the awns of the latter class are not nearly as scabrous. When heads of 
these phenotypes were examined in sunlight, and when held at the correct distance 
from the eye to be properly focussed, the difference could be easily discerned. 

Sigfusson classified the F 2 as rough, intermediate rough, interme- 
diate smooth, and smooth A close approximation, of a 9:3:3:1 
ratio was ob tamed The factor R, either smgle or in duplicate and 
in the absence of S, produced the intermediate-rough condition, and 
likewise the factor S, m the absence of R, produced the intermediate- 
smooth condition. Both factors are necessary to produce the fully 
barbed condition. The double recessive rr ss produced the smooth- 
awn class 

Daane (2) reviews the previous work on hnlvage and describes five 
linkage groups. (1) The non 6-rowed versus 6-rowed character pair, 
(2) black versus white lemma and pericarp; (3) hulled versus naked 
seed; (4) hooded versus awned; and (5) rough versus smooth awn. 
Several other characters have been found which have not yet been 
placed m any of the linkage groups described. 

Hor (7) reports a linkage between black versus white glume color, 
rough versus smooth awn, and long versus short haired raclulla 

Robertson (10), Sigfusson (12), and Buckley (Jf) found the factor 
pairs for black versus white glume color and rough versus smooth 
awn to be inherited independently 

Sigfusson (12) and Hor (7) obtained a hnlcage between long versus 
short haired rachilla and one of the factors for rough versus smooth 
awn. Sigfusson gives a crossover percentage of 30 8. Hor found a 
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BLUE VERSUS WHITE ALEURONE (.Bl Bl) 

The mheiitance of blue and white aleurone was studied m a cross 
between Colsess IV and Minnesota 72-8 A separation of the blue 
and white aleurone color was attempted in the Fi plants, but some 
difficulty was encountered, especially with small immature seeds 
The F 2 plants, however, were separated in the field into homozygous 
blue aleurone, heterozygous plants having both blue and white seeds 
on the same head, and homozygous white aleurone When the plants 
were grouped into two groups, those contaimng homozygous and 
heterozygous blue aleurone and those with coloiless aleurone, the 
segregations shown m Table 4 were obtained. 

Table 4 — Fi segiegation of seeds with colored aleurone and colorless aleurone as 
determined from F^ plants, in Colsess lY X Minnesota 72-8 


Item 


Colored 


Colorless Deviation 


D PE 


Observed count 

Calculated segregation, 3 


4,553 1 1,395 — . -i 

4,461 j 1,487 I M2 4 09 


The number of plants with colorless aleurone is small WTien plants 
are giouped as homozygous blue and heterozygous blue and colorless, 
a much better fit to "the calculated 3 . 1 ratio is obtained Table 5 
gives the grouping of the different F 2 seeds. 

Table 5 — ft segiegation of seeds imth pure blue aleurone {Bl Bl) and nonpure blue 
aleuione {Bl bl and bl bl) as determined from the ft plants in Colsess IV X Mtn~ 
nesota 72-8 


Item 

, Heterozj- 
j gousbiue 
i and color- 1 
less 

Homozy- 

gous 

Deviation 

D PE 

1 

Observed count 

Calculated segregation, 3 1 

- 4,420 

4, 461 

1,528 

1,487 

41 1 

1 S2 


The lesults shown m Tables 4 and 5 may be explained as due to a 
single-factor pair 

The better fit m the classification of nonblue and blue-seeded plants 
may be explained by the fact that white seeds on F 2 plants may have 
been fertilized with pollen carrying the factor for blue, and all plants 
showing any blue aleurone in the heads weie classified as heterozygous 
The progeny of some F 2 white seeds (Fi plants) evidently weie classi- 
fied as heterozygous instead of coloiless, which reduced the number of 
colorless plants. 

ROUGH VERSUS SMOOTH AWN 

The inheritance of rough versus smooth awns was studied in a 
Coast X Lion cross The F 2 plants were classified into three groups, 
rough, intermediate smooth, and smooth The method used was the 
same as that employed by Hayes et al {6) and Griff ee (5) ^ An awn of 
average length was taken from the center of the mam spike of each 
plant and examined under the microscope Hayes et al (6) state. 

The distance on the tip of the awn upon which teeth regularly borne was 
measured The total length of the awn was divided by the length of the tip upon 
which teeth were found The result obtained was called the awn index; the larger 
the index, the smoother the awn and vice versa 
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gieen plants, and lightei in coloi The plants are ''dull green-yellow '' 
(Ridgway, Plate XVII) ^ 

Minnesota 72-8 is a G-rowed, hulled, awned barley, obtained from 
the Minnesota station. The oiiginal plant came from Hallqiiist and 
has the factor pair Yy for green versus virescent seedlings The 
virescent seedhngs have a slightly green tip, but fail to survive l)eyond 
the seedhng stage. 

Methods similar to those used in previous work bv the senior 
author (70) were employed 

The strains containing the chlonna factor pans Ff and Fcf^, were 
recessive for the factors for chlonna These chlonna plants weie 
used as parents instead of plants heterozygous for the chlorophyll 
deficiencies used in previous studies 

INHERITANCE OF SIMPLE MENDELIAN CHARACTERS 

CHLORINE SEEDLINGS IN MINNESOTA 84~7 

The inheritance of the chlonna seedlings in Minnesota 84-7 was 
studied in a cross between chlonna plants of Minnesota 84-7 and 
Trebi plants heterozygous for the factor pair foi green versus white 
seedhngs Atat All of the Fi plants were green, indicating that the 
factor pairs Ff and AtUt are not allelomorphic There were 9 
plants wluch segregated in F 2 for green and chlonna plants and 14 
which segregated for green, chlonna and white The segregation of 
the green and chlorina plants indicates a single-factor difference 
Table 2 presents the data obtained from these crosses 

Table 2 — F2 segregation of gieen and chlonna seedlings in Minnesota 84-7 X. Trebi 


Item 

Green 

Ch)orina 

Do\ uition 

D/?E 

Obser\ed count - - 

1, 453 
1,473 75 

512 



Calciihted segregation, 3 1 - 

491 25 

20 75 

1 6 


VIRESCENT SEEDLINGS IN MINNESOTA 72-8 

The mode of inheritance of green and viiesceiit seedlings was studied 
m a cross between Colsess IV, heterozygous for the factor pair XcXc 
for green versus xantha seedlings and Minnesota 72-8, heterozygous 
for the factor pair Yy for green versus virescent seedlings The num- 
ber of green and virescent seedlings obtained from the progeny of six 
Fi plants which were heterozygous for the seedling factor ])air Yy is 
shown in Table 3 


Table 3 — Ft segregation of green and vuescent seedlings from plants helei azygous 
for the green and virescent factor pan (Yy) in Colsess IV X Minnesota 72~8 


Item 

Green 

Virescent 

Deviation 

D/PE 

Observed count 

026 

030 75 

327 

313 25 


Calculated segregation, 3 1 

13 75 

1 33 



The segregation of gieen and virescent seedhngs indicates a single- 
factor difference 
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the factors to be recessive m order to produce the xmbranched styles 
of the Lion type, 

INTERRELATIONSHIP OF CHLOROPHYLL DEFICIENCIES 

GREEN VERSUS CHLORINA (Ff) AND GREEN VERSUS TTHITE SEEDLINGS (Atat) 

The interrelationship of the factor pairs Fj and was studied in 
a cross between Minnesota 84—7 homozygous for chlorma {ff) and 
Trebi, heterozygous for green and white seedlings All the 

Fi plants were green, mdicatmg that the factor pairs FJ and Atat are 
not allelomorphic. There were 9 Fi plants that segregated in F2 for 
green and chlorma and 14 that segregated for green, chloiina, and 
white The interrelationship of the factor pairs Fj and Atat was 
studied in the progeny of the 14 plants that segregated for green, 
chlorina, and white seedlings (Table 7 ) 


Table 7 — segiegahon of green, chlorina, and iilnie seedlings in Minnesota 

84.-7XT)ebi 



Item 

Green 

Chlorma 1 

Whxte 

Observed count 

CalcuJated segregation, 9 3 4... 


3,333 

3, 403 7 

1.104 

1, 134 6 

j 1, 554 
j 1, 512 7 


X^^ZZ579. P=019i7 


The test for goodness of fit to a 9:3:4 ratio gave a P value of 
0 1917, indicating mdependent mheritance of the factor pairs Atat 
and FJ 

GREEN VERSUS CHLORINA (Ff) AND GREEN VERSUS WHITE SEEDLINGS (Acae) 

The inheritance of green versus chlorina (FJ) and green versus 
white seedlings (Acac) was studied in a cross between Minnesota 84-7 
and Colsess The folio wmg crosses were grown in Fi and F2: 11-26- 
440, 11-26-421, 11-27-148, and 11-27-151. All the Fi plants were 
green, inchcating that the factor pair for green versus chlorina (FJ) 
and the factor pair for green versus white in Colsess (Acdc) are not 
allelomorphs. Frorn a cross of the above types, where a pure chlorina 
plant IS crossed with a plant heterozygous for green and white seed- 
lings Acac, only two kinds of Fi plants would b^e expected, namely, 
those giving progeny segregating in F2 into green and chlorina 
seedlings and those segregatmg into green, chlorma, and white seed- 
lings. The progeny of 10 plants of the former tvpe and 7 of the latter 
were studied 

The interrelationship of the factor pairs FJ for green versus chlorina 
seedlings and for green versus white seedlings was studied in the 
families that segregated for all three types of seedUngs, The following 
segregations were ob tamed: Crosses 11-27-148 and 11-27-151 pro- 
duced 1,397 green, 541 chlorina, and 599 white seedhngs The num- 
ber of chlorma plants is greater than the calculated 9 :3 :4 ratio. A 
similar but wider variation was found in cross 11-26-421. The F2 
plants segregated into 776 green, 302 chlorma, and 308 white. In 
order to test the possibility of linkage, the F3 segregation from the F2 
green plants was determined (Table 8 ) 
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Coast and the rough ¥2 plants have an awn index of 1 The awn 
indices of 100 plants^of the Lion parent were determined The awn 
indices of this group ranged from 2 7 to 7 6, with an average of 4 3 
A division of the partially smooth plants was made at the awn index 
of 2 7, winch was the lower limit of the Lion plants The plants with 
an awn index of 2 7 or more were classified as smooth, and the plants 
with an awn index of 1 1 to and including 2 6 were classified as 
intermediate smooth 

As showm in Table 6, the observed segregation approaches a 12 :3 . 1 
ratio. By applying the test for goodness of fit, a value of 2 28 was 
obtained with a P value of 0 3273 This segregation is similar to that 
found by Griffee (S), and can best be explained on the basis of 2-factor 
difference for roughness of awn B and J?' are used to designate the 
factors for roughness of awn, and r and r' denote the absence of the 
Tough condition When the factor B is present the awn is rough 
B' IS hypostatic to i?, and in the absence of R gives intermediate 
smooth awned plants The double recessive, rr r'r', gives the smooth 
group similar to the Lion parent 

Table 6 — Seqiegation the generation for rough, intermediate smooth, and 

smooth awns in CoastY^Lion 


1 

Item 

Rough “ 

Inter- 
mediate 
smooth « 

Smooth « 

Observed couut 

852 

1<)1 


CalcuJated segregation, 12 3 1 - 

830 25 

207 50 

69 19 



x‘’=2 28 0 3273 

Awn indices Rough, 1, intermediate smooth, 1 1 to 2 6, smooth, 2 7 or o\ er 


BRANCHING OP STYLE 

In a previous paper, Robertson and Demmg {11), have reported a 
3-factor difference between the smooth style of Lion and the feathered 
style of Coast The factor pairs are designated Qg O'g' Q"g". The 
behavior of about 50 F3 plants from each Fa family was studied. 
With independent inheritance of three cumulative factors, the fol- 
lowing ratio of differently segregating plants would be expected in the 
F3 generation Thirty-seven plants would have one or more of the 
factors in the homozygous dominant condition and would give plants 
with some degree of branching on the style, 12 plants would segregate 
15 branched to 1 unbranched, 8 would segregate 63 branched to 1 
unbranched, 6 would segregate 3 branched to 1 imbranched, and 1 
would breed true for the unbranched condition 

The following data were obtained from the F3 families studied. 
Forty-five F3 famihes segregated 15:1, 35 segregated 3:1, 17 segre- 
gated 63:1, and all of the Fa plants with imbranched styles bred true 
A poor fit to the calculated number of segregating families was 
obtained. Some error evidently crept in from the small number of 
plants in the F3 famihes, and possibly this would account for the small 
number of families segregating 63:1. However, when we consider 
the close fit of the F2 segregation to the calculated 63 : 1 ratio and the 
fact that all the calculated F3 ratios were obtained, it may be con- 
cluded that these results are best e:^lained on a 3-factor hypothesis. 
These factors are cumulative m their effect, and it is necessary for all 
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In order further to test the linkage relationship, the F2 genotypes 
of the green plants in the P2 famihes segregating for green, chlorma, 
and virescent seedhngs were determined from F3 seedling counts 
Table 1 1 gives the grouping of 746 F2 plants in the different genotypes, 
as determined by F3 seedhng counts As in the F2 data, the observed 
to the calculated 1:2:2:4 ratio for independent mheritance gives a 
very poor fit 

Table 11 — Grouping of 7^6 F 2 green plants in the different genotypes as determined 
hy F 3 seedhng counts of their progeny 


1 Number of plants showing indicated breeding 
I habit in Fz 


Item 

i 

j Pure green j 

I 1 

Green 

chlorina 

Green , 
virescent | 

Green 

chlorma 

virescent 

Ratio,. 

- {.*} 

3 1 

3 1 

9 3 4 

Observed counts 

31 

145 

157 

413 

Calculated segregation, 1 2 2 4 

82 9 

165 S 

165 8 , 

331 5 


x^~55 6058 P, ver> small 
» All 


The possibihty of hnkage was calculated from the formula used by 
Robertson {10) and a crossover value of 29 30 was obtained. The 
observed ratio was compared with the calculated ratio with 29.30 per 
cent crossmg over. Table 12 gives the results obtained when the 
test for goodness of fit is used 

Table 12 — Observed and calculated Fx genotypes of 746 Fx plants obtained from 

Coast IllXColsess V 


¥2 genotypes of indicated breeding habit 


Item 


! Green 


Green 

chlorma 


.1 


Observed count 31 145 

Calculated segregation, 29 3 per cent crossing over 30 7 148 2 


Green 

virescent 


Green 

chlorma 

virescent 


157 413 

148 2 418 9 


6777, F, very large 


The fit of the observed to the calculated ratio with 29.30 per cent 
crossmg over is very good, indicating a linkage of the factor pairs 
YcVc for green versus virescent seedlings in Coast III and the factor 
pairs Fcfc for green versus chlorina seedlings in Colsess V. The 
chlorma factor pair/c/c had previously been shown by two of the 
writers {11) to be inherited independently of the factor pairs Acde 
and XcXc found in Colsess and the factor pair Aifiit for green versus 
white seedlings found in Trebi The factor pair Kk for hoods versus 
awns was also found to be inherited independently of the chlo^a 
factor pair. The factor pair TcVc for green versus virescent seedlings 
in Coast was also reported to be inherited independently of the factor 
pairs Acac, A^t, and Kk 
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Table 8 — Genotypes oJ qicen plants as defer mined fiom Fi seedling counts 

in various crosses 


Number of plants liaMug indiratocl KonoU pe 


Cross No 


cross ISO j 


Ffic Ir 

FFAede 

FfAun \ 


P 

11-20-440 


170 

152 

\ 

3.31 

1 4722 

0 0932 

11-26-421 

35 

SO 

7‘) 

I 171 ! 

1 0471) 

6,530 

11-27-148 .md lOi 

1.13 

26.5 

21S 

.522 

6 25.1.5 

1015 


The data in Table 8 indicate independent inheritance of the factor 
pairs Ff for green versus chlorina seedlings and AcOc for green versus 
white seedlings 

GREEN VERSUS VIRESCENT SEEDLINGS YeVo AND GREEN VERSUS CHLORINA SEED- 
LINGS Fcfc 

The relationsliip of the factor pairs concerned was studied in a cross 
between Coast, heterozygous for green and virescont seedlings YeVe 
and Colsess, homozygous for chlorina seedlings /c/c 
Two types of segregating progeny were obtained Eleven Fi plants 
segregated for green and chlorina seedlings in F 2 , and 22 Fi plants 
segregated for green, chlorina, and virescent seedlings in F 2 The 
observed ratio as compared with a calculated 9:3:4 ratio is shown m 
Table 9 The data here given mdicate a very poor fit to the calcu- 
lated 9:3:4 ratio 


Table 9. — Observed and calculated 93 4 ratio of greerif chlonna, and vnescent 
seedlings in the F% genei ahon from Coast IlliiColsess V 


Item 



Green 

Chlonna 

% iiesf ent 

Observed count 



i 4, 165 

1 4,410 5 

1, K23 
1,470 2 

1,H,53 
1,960 3 

Calculated segregation, 9 3 4 




x*=104 1987 P, very small 


In order to determine whether linkage was present, Collins’s formula 

jAB-2Ab 
^ V AB+Ab 

was used. A crossover percentage of 29 44 was obtained. The 
observed and calculated ratio on the basis of 29.44 crossing over is 
given in Table 10. The data here shown indicate that there is a 
possible linkage between the factor pairs Y,yc and FJe While the P 
value IS low, it shows a better fit than that obtained when the observed 
ratio is tested with a 9 :3 :4 ratio 


Table 10 Observed and calculated segregation with ^9 44 cent crossing over 
in Coast II IX Colsess V 


Item 

Green 

Chlorina 

Virescent 

Observed count 


1 AOS 

1 853 

Calculated segregation, 29 44 per cent crossinv o\ er 

7 ^ JlQiI 

4, 090 .5 

1 , 04 , ^ 

1, 790 3 

hmo 2 



?C*“7 8168 P«0 0205 
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INTERRELATIONSHIP OF THE YELLOW AND VIRESCENT SEEDLING FACTORS 

The progeny of Fi green plants which segregated for all three 
types of seedlings in F 2 were used. In Table 15 the plants are grouped 
according to the F 2 genotype, as determined from the F 3 seedling 
segregations 


Table 15 — Observed and calculated Fo genotypes, an deiet mmed hij the F 3 heedling 
segiegations m Colsess IV K Minnesota 72-S 


Item 

1 Number of indicated genot^ pe 

, X.XcYY XcXcYy ' 

XcVc^ A 1 Xc\cA j 

Observed count 

Calculated segregation, 1 2 2 4,- 

1 

171 352 

- lb4 9 32£< S 1 

315 1 646 

329 8 ; 659 6 


x2«2 6647 0 4522 


The data in Table 15 indicate that the factor pairs XcXc and Yy are 
inherited independently of each other 

RELATION OF CHLOROPHYLL DEFICIENCIES TO OTHER 
BOTANIAL CHARACTERS 

GREEN VERSUS CHLORINA SEEDLINGS tFfj AND LONG VERSUS SHORT HAIRED 

RACHILLA (Ss) 

The interrelationship of the green versus chlorina seedling color and 
long versus short haired rachilla was studied m the Fz plants producing 
only green and chlorina seedlings Table 16 gives the observed 
values and the calculated 9 : 3 : 3:1 ratio for green versus chlorina 
seedhngs and long versus short haired rachilla 

Table 16 — Fo segregation of green versus chlorina seedlings and long versus short 

haired rachilla 


, Number of plants having character mdicated 


Item 

Green 

1 

Chlorma 

I 


\ Long 

Short 

' j 

Long 

Short 

Observed count — 

Calculated segregation, 9 3 3 1 

810 

813 4 ! 

266 1 
271 1 1 

275 

271 1 

1 95 

; 90 4 


x2=0 4029 P, very large 


The agreement between the observed and the calculated ratio for 
independent inheritence is very good and indicates that the factor 
pairs Ff and Ss are inherited independently of each other. 

GREEN VERSUS CHLORINA SEEDLINGS (Ff) AND NON 6-ROWED VERSUS 6-ROWED (Vv) 

In studying the interrelationship of the non 6 -rowed and 6 -rowed 
character pair with green versus chlorina, it was found that the green 
plants were high in 6 -rowed plants and the chlorma plants were high 
in non 6 -rowed plants. The 6 -rowed plants had the following geno- 
types, vvll, mliy and vmi If the non 6 -rowed plants are grouped as 
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GREEN VERSUS CHLORINA SEEDLINGS (Ff) IN MINNESOTA 81-7 AND GREEN VERSUS 
CHLORINA SEEDLINGS (Fcfo) IN COLSESS 

The mterrelatioiiship of the factor pairs Ff and Fcfc was studied in 
a cross between Minnesota 84-7 pure for chlorina (ff) and a Colsess 
plant pure for chlorina (fjc) The Fi plants were pTu:e green The 
F2 plants segregated into green and chlorina. Table 13 gives the data 
obtained for several F2 families The chlorina plants wore hard to 
separate in the field and were grouped together 

Table 13 — Fi segiegation of gieen and chlonna plants from Minnesota X 

Colsess V 


Item 

Green 

Chlonna 

D/PE 

Ohi^firTOd pmint _ __ . 

4, 485 
4, 602 

3,697 

3,580 


GMrtnlnt.pd ft 7 _ 

3 •)! 



The number of chlorina plants is larger than the calculated number, 
the deviation divided by the probable error is 3 91 
The segregation of the green and the two chlorina types was deter- 
mined from Fs seedling counts Table 14 gives the ¥2 segregation of 
green and the different chlormas, as determined from the F3 seedling 
counts The data here given inchoate that the factor pair Ff for green 
and chlorma seedlings in Minnesota 84-7 and the factor pair F^c for 
green and chlorina in Colsess V are inherited independently of each 
other. To test further the inheritance of the factor pairs Ff and 
Fcfcj F3 seedling coimts were made on the progeny of F2 green plants. 
With independent inheritance, a ratio of 1 green to 2 segregating for 
green and chlorina, Ff, 2 segregating for green and chlorina, Fofc] 
and 4 segregating for green and both chlorinas would be expected. 
A close approach to a calculated 1:2: 2:4 ratio was obtained, x^== 
1.9345, which gave a P value of 0.5874 This further indicated that 
the factor pairs Ff and Fcfc are inherited independently of each other. 

Table 14 — F 2 classes as deteumned from Fi seedling counts in Minnesota «94““7X 

Colsess V 


Item 

Green 

Minnesota 
84-7 chlo- 
nna 

Colsess V 
chlorma 

Double 

chlonnu 

Observed count 

1, 158 

1, 143 8 

346 

360 2 

322 

336 2 

120 
105 b 

Calculated segregation for independence — 



2418 P=0 0718 


GREEN VERSUS XANTHA SEEDLINGS (XeXe) AND GREEN VERSUS VIRESCENT SEED- 
LINGS (Yy) 

Crosses were made between Colsess IV plants heterozygous for 
yellow seedlings (XeXe) and Minnesota 72-8 heterozygous for virescent 
seedlings (Yy) (green-tipped whites) Twenty-nine Fi plants were 
grown. Of these, 11 gave only pure-green progeny, 6 segregated for 
green and yellow, 6 segregated for green and virescent seedlings, and 
6 segregated for green, yellow, and virescent seedlings The number 
of green plants was somewhat larger than expected. 
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Table IS indicates a linkage of the factor pairs Ff and Vi\ with a 
crossoyer value of 18 3 per cent The probably error for the crossover 
value is ± 0.74 per cent. 

When the non 6-rowed versus the 6-rowed and green versus chlonna 
plants are tested, there is again a poor fit of the observed to the cal- 
culated 9 :3 :3 : 1 ratio The segregation of this type is opposite to the 
previous classification for rows and is m the repulsion phase, since non 
6-rowed and chlonna went into the cross together and 6-rowed and 
green went into the cross together The crossover value was again 
determined by the product-moment method, and a crossover percent- 
age of 16 76 i 1 65 per cent was obtained Table 19 presents the 
observed ratio and the calculated ratio with 16 76 per cent crossover 
The fit of the observed to the calculated ratio is good in both cases 

T iBLB 19 — jPo segtegaiion of non 6~ioived versus 6-rowed^ and gieeti versus chlonna 
plants compared with a calculated ratio with 16 76 per cent crossing over 


Xumbei of plants having characters indicated 


Green ' Chlonna 


6-rawed , rowed 


Observed count - 7S3 363 393 11 

Calculated segregation 16 76 per cent crossing over 7S5 8 376 6 376 6 10 9 


X2*! 131S P=0 7711 

From the data presented m Tables 18 and 19, it may be concluded 
that the factor pair Ff for green versus chlonna seedlings is closely 
linked to the factor pair Vv, which distinguishes the characters 2-rowed 
and 6-rowed. The crossover value is about 18 3 ±0 74 per cent. 

^ GREEN VERSUS CHLORINA (Ff) AND HOODS VERSUS AWNS (Kk) 

The interrelationship of the green versus chlonna factor pair, Ff, 
and hoods versus awns, Kk, was studied in a cross between Colsess 
and Minnesota 84-7 The F 2 segregation of the green versus chlonna 
plants for hoods versus awns is given in Table 20. The observed ratio 
fits the calculated 9:3:3:1 ratio very well, being 2 5725 with a 
P value of 0 4689 This indicates that the factor pairs Ff and Kk are 
inherited independently of each other. 

Table 20 — Segregation of green versus chlonna {Ff) plards and hoods versus awns 
{Kk) in ColsessX Minnesota 84-7 


I Number of plants having characters indicated 


Item ' Gieen ' Chlonna 


I Hooded ; Awned | Hooded | A^vned 

Observed count 931 ' 326 326 119 

Calculated segregation, 9 3 3 1 _ 957 4 ; 319 1 i 319 1 106 4 


x’=2 6725 0 4689 
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2-1 owed and intermediate plants, the 2-iowed plants would have the 
following genotypes, Wily Wily and VVii This type of classifi- 
cation can be made m the F2 If the genotypes of the intermediate 
classes V vli , Yvii , VvII are grouped the ratio is as follows One 6-row ed , 
two intermediate, and one 2-rowed Themtermediate classes contained 
both high and low fertility types of intermediates A check ot the 
Fo counts was made from F3 segregation of F2 plants, Only four 
changes in classification if 619 F2 plants were necessary Two 2- 
rowed plants were changed to an intermedium, one intermediate lugh- 
fertility plant to a 6-rowed, and one intermediate to an intermedium 
This would only change the place of two plants in the 1:2:1 ratio 
When 2-rowed plants (Wily WU, and VV%%) are grouped in one 
class and the non 2-rowed (6-rowed mil y why vviiy and intermediate 
Vvhy Vviiy VvII) are grouped in the other class, a ratio approaching 1 
2-rowed to 3 non 2-rowed was obtained Similarly, when the Fo 
plants were classified as non 6-rowed (2-rowed Wily VViI, VVuy 
and intermediate Vvhy Vviiy and VvII) and 6-rowed (wily why and 
wn) a good fit to a 3:1 ratio was obtained 

When the interrelationship of green versus chlorina and non 
2-rowed versus 2-rowed is studied, a coupling type of linkage is found. 
Table 17 gives the F2 segregation of non 2-rowed versus 2-rowed and 
green versus chlorina plants The fit of the observed to the calculated 
is very poor 

Table 17 — ¥2 segregation of non 2-rowed versus 2-1 owed and green, versus chlonna 

plants 


I Number of plants having characters Indicatocl 


Item 


Green 


rhloiina 




2()2 
lU'. It 


x'’= 4S7 75 P, \ ery small 


Obser\ed count 

Calculated segregation, 9 3 3 1. 


Non 
2-ro’i\ ed 


1, 028 
871 9 


2-1 owed 


118 
290 6 


Non 
2-1 owed 


142 
290 0 


The product-moment method was used to determine the oroasovi'r 
percentage between the factor pairs Vv and FJ. immer’a {B) tables 
were used. A crossover percentage of 18.3 was obtained Table 18 
gives the fit of the observed to the calculated ratio with 18.3 per cent 
of crossing over 

Table 18 — Fi segregation of non 2-rowed versus 2-rowed and gieen versus chlorina 
plants compared with a calculated ratio with 18 S pel cent cinssing over 


Item 


Observed count 

Calculated segregation, 18 3 per cent crossover. 


Number of plants having characters iiidicat(»d 


Gieen 

Chlonna 

1 

1 Non 
' 2-rowed 

2-rowed 

Non 

2-rowed 

2-ioviod 

1 1, 038 

118 

142 1 

202 

! 1, 033 6 

128 9 

128.9 

258 « 


X®=2 3280 P«0 5131 
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Table 23 — Observed and calculated 9 33 1 ratio of noiibliie versus blue and 
hoods versus awns in Colsessy, Minnesota 72-8 


I 

! Xumber of plants having characters indicated 


Item 

Xonblue 

Blue 



Hooded ^ 

Awned ' 

Hooded 

Avned 

Observed count 

3,(^6 

1,334 

1, 115 25 1 

1, 455 1 

1, 115 25 , 

73 

Calculated segregation, 9 3 3 1 

3,345 75 

371 75 



x*=406 65 P, very small 


The observed ratio fits the calculated 9:3:3:1 ratio very poorly 
The two middle classes, however, are noticeably high and the two 
extreme classes low. Since nonblue went into the cross with awns, 
and blue went into the cross with hoods, a linkage of the repulsion 
type might be expected. The segregation of the r 2 plants indicates 
such a Hnkage. The possible hnkage value was calculated by the 
product-moment method with the use of Immer’s tables (S), and a 
crossover value of 22 58±0 82 per cent was obtained. 

The data in Table 24 indicate a linkage of the factor pairs Bl hi 
and Kk. The linkage agrees vith the finding of Buckley (1). How- 
ever, he found a crossover value of 40.56. In his studies he used 714 
plants 

T\ble 24 — Observed and calculated ratio of nonblue versus blue and hoods vmsus 
awns with 22 o8 per mnt crossing over 


I X umber of plants having character mdicated 


Item i Nonblue ' Blue 


1 


£ 1 

Is. 

1 

£ 

Observed count. 

3,086 , 

3.049 8 

1,334 i 

1, 455 

73 

Calculated segregation, 22 58 per cent crossing over 

1,411 2 ! 

i 

1,411 2 

75 8 


x2“6 1157 P“0 1070 


Similar wide deviations from the calculated 9:3:3:1 ratio were 
found for the factor pairs Bl bl and Kk in the fanuhes segregating 
for green and yellow seedlings in the F 2 and also in the faniilies seg- 
regating for green and virescent seedlings in the F 2 . As has already 
been shown, the nonblue and blue segregation of aleurone color both 
gave good fits to the calculated 3:1 ratio. There is evidently no 
hnkage between the factor pairs XeXc for green versus yellow seeddings 
and Yy for green versus virescent seedlings and aleurone color. 

Crossover percentages were calculated for the factor paus Bl bl 
and Kk in families segregating for green and yeUow seedlings and 
famihes segregating for green and virescent seedlings The crossover 
values were 25.01 ±1.19 and 24.70 ±1.21. In the former case 2,760 
plants were used and in the latter 2,667. 

When the observed and calculated values with 25.01 and 24.70 
crossover percentage were tested, a of 1.5606 with a P value of 
0.6602 was obtained in the families segregating for green and yellow 
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GREEN VERSUS XAXTHA SEEDUNGS iXcXt) AND NONBLXJE VERSUS BLUE ALEURONE 

'B1 bl) 

The relationship of the factor pair for green versus xantha seedlings 
(XeXc ' and the factor pair for nonblue versus blue aleuxone {Bl bl) was 
tested in a cross between Colsess IV and Minnesota 72-8 There was 
no indication of a discrepancy in the 3 : 1 ratio of plants with nonblue 
to those inth blue aleurone, as is shown in Table 21 


Table 21 — F; segregation of plants leith nonilue and blue aleurone in families 
which produced xantha seedlings in Colsess IVY Minnesota 7S-8 



Item 

1 Nonblue 

Blue 

D/PE 

< cnunt 


2, 056 

704 


C segTf gauon, 3 U. . 



690 

6 91 


With close linkage of the blue factor and xantha seedlings, there 
should be a smaller number of plants with blue aleurone, since the 
factor B/ and went into the cross together No such condition 
is found, indicating independence of the factor pairs JBlbl and 


GREEN VERSUS CHLORINA SEEDLINGS (P.M AND LONG VERSUS SHORT HAIRED 

RACHILLAS (Sb) 

The interrelationsbp of green versus chlorina seedlings Fet and 
mng versus short haired rachiUa Ss was studied in a cross between 
Colsess T and Nepal The F 2 segregation is given in Table 22 The 
data in tks table indicate that the factor pairs fJ, and Ss are in- 
herited independently of each other 


Table 22.— F. segregation of green versus chlorina (FJc) seedlings and long versus 
short haired rachillas (Ss) in Cohm VxNepal ^ 


Number of plants hai ing character indicated 


Item 

i Green 


1 Chlorina 


s 

1 

s 

s 1 

s 

Observed count 

1 QQO 


387 

377 6 



Calculated segregation for indenendenee 

If ubZ 

1,4014 

486 

476 6 

119 
128 4 

X2=»n707 P«06M7 ™ ~ 

“ — 


intereelationship of other botanical characters 

BLUE VERSUS NONBLUE ALEURONE (Bl b!) AND HOODS VERSUS AWNS (Kk) 

The interrelationship of the factor pairs Bl bl and Kk 
m a cross between Colsess and Minnesota 72-8. The Colsess seeds 
have a blue aleurone and Minnesota 72-8 a white The 

deurone color was separated into nonblue and blue^S^pre^ouslv 
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BLACK VERSUS WHITE GLUMES (Bb) AND BRANCHED VERSUS UNBRANCHED STYLES 

'Gg G'g' G"g'0 

The interrelationship of the characters glume color and style 
branching was studied in a (63 1) (3 1) classification of Fo data Table 
27 presents the results obtained 

Table 27 — segregation of style branching {6S it and glume color {3 1) in 

Coast A Lion 


Number of plants having characters indicated 


Item Branched style \ Unbranched stjle 



' Black , 

1 

White 

Black 

White 

Observed count 

' ROfi ' 

2S2 

1 14 25 

3 

Calculated segregation (63 i) u 

S16 

272 

4 75 


X*=135 P=0 5230 

The data indicate independent inhentanee of the factor pairs 
6g G'g^ O'^g" and the factor pair Bh, 

LONG VERSUS SHORT HAIRED RACHILLA (Ss^ AND ROUGH VERSUS SMOOTH AWN 

(Rr R'r') 

In studying the interrelationship of long versus short haired ra- 
chiUa Ss and rough versus smooth awn, the factors for the rough- 
awned character were studied separately Two types of classifica- 
tion of Fa material were made One separated the material into 
rough and smooth. The smooth class included both intermediate 
smooth and smooth Table 28 presents the data obtained from the 
two types of classification. When the test for independence was 
used a very poor fit was obtained 

Table 28 — F 2 segregation of long versus short haired rachillas and rough tfersus 

smooth awns 


Number of plants having characters indicated 


' Long-haired rachillas , Short-haired rachillas 



Rough 1 
awns 

1 

Smooth ! 
aTuns 

, Rough 

1 awns 

1 

Smooth 

a'wns 

Observed count .. 

593 ! 

223 

259 

32 

Calculated segregation ^ .. 

628 ' 

188 

1 224 

67 





x-=32 2190 P, very small 


In order to determine whether the factor pair R'r' was inherited 
independently of the factor pair Ss, which differentiates between 
long and short haired rachilla, a second type of classification was 
made in which only the intermediate-smooth and smooth-awned 
plants were used. The data obtained are given m Table 29 

113661 — 32 6 
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seedlings, and a of 0.5967 -mth a very large value for P was obtained 
in the families segregating for green and virescent seedlings While 
the latter crossover values are shghtly higher than that calculated 
from the green plants, the difference is within three times the probable 
error of a difference The crossover percentage is evidently about 
22 00 . 

BLUE VERSUS NONBLUE ALEURONE (B1 bl) AND LONG VERSUS SHORT HAIRED 

RACHILLA (Ss) 

A total of 2,555 Fs plants was used in this study A slight devia- 
tion in the nonblue and blue segregation was "found The blue- 
seeded plants were in larger numbers than the calculated 3:1 ratio 
of nonblue versus blue In order to overcome the error caused by 
this discrepancy, the F 2 segregation was tested for independence 
The results given in Table 25 were obtained 

Table 25 — F2 segregation /o» nonhlue versus blue and long imsus short haired 
lachilla in pure green plants 


Number of plants having characteis indicated 

I ^ 

I Nonblue j Blue 


! 

1 Long- 

Short- 

Long- 

short- 

1 haired 

haired 

haired 

haired 

rachillas 

1 1 

rachillas 

rachill lb 

rachillas 

. 1 ... 1 

1 


Obsened count L386 . 471 511 1S7 

Calculated segregation _ . 1,378 75 , 478 25 | 518 25 179 77 


x’=0 5418 P, ver% large 

These data indicate that the factor pairs Bl bl and Ss are inherited 
independently of each other This, again, agrees with Buckley^s 
findings. 

BLACK VERSUS WHITE GLUMES (Bbi AND ROUGH VERSUS SMOOTH AWNS (Rr R'r') 

The interrelationship of the factor pairs Bb and Rr R'r' was studied 
in a Coast X Lion cross. Table 26 presents the data obtained in 
this cross The calculations were made on a (3 1) (12 3 1) basis The 
data indicate that the factor pairs for rough versus smooth awns are 
inherited independently of the factor pair for black versus white 
glume color 

Table 26 — segregation for glume color ^Bb) and roughness of awn {Ri R'r') 

in Coast X Lion 


Number of plants having characters indicated 


Black Glumes White Glumes 


Rough j 

Interme- 
diate 
! smooth 

; 1 

1 i Interme- 

Smooth Rough ! diate 

, ' smooth 

Smooth 

Observed count *,35 

Calculated s^egation fs u 02 3 u.. ftl 6 5 

138 

, 1S4 1 

1 

49 ' 217 ! 51 

51 4 213 8 , 51 4 

1 

15 

17 S 
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age agrees fairly well with the crossover percentage of 30 8 reported 
by Sigfusson (l2) and of 28 70 — 3 43 in the repulsion phase and 
34 54 ± 2 89 in the coupling phase reported by Her (7) 

ROUGH VERSUS SMOOTH AWN (Rr R'r') AND BRANCHED VERSUS UNBRANCHED 
STYLES fGg G'g' G^'g") 

The interrelationship of the factor pairs Er for rough versus 
smooth awn and Gg G'g' G"g" for branched versus unbranched style 
w^as studied in the same cross Table 31 gives the segregation of 
rough, intermediate-smooth, and smooth-awned plants with branched 
and unbranched styles 

T \BLE 31 — F 2 segregation ofhianched versus unhranched styles (Gg G"g'''^ and 
rough versus smooth awiis (Rr R'r') m Coast X Lion 


Number of plants having characters indicated 


Branched stjies i Unbranched styles 


Item 


1 

1 

Rough ' 
awns , 

Interme- ] 
diate- j 
smooth ! 
Q.y, ns { 

Smooth 
awns ' 

Rough 

awns 

^ Interme- 
1 diate- 
smooth 

1 awns 

f 

Smooth 

awns 

Observed count ' 

850 

188 j 

1 

50 1 

2 

1 3 

14 

Calculated segregation on a basis of two 
12 3 1 

816 

204 I 

68 1 

1 

14 25 

1 

1 3 56 

1 19 


x^^lSb 54 P, vers small 


The segregation in Table 31 is between a 2-factor dift'erence for 
roughness of awn and a 3-factor difference for branching of style 
The unbranched style group has only 19 plants However, the 
unbranched style-smooth awn class is high and the unbranched style- 
rough-a^vned class is low when compared with the calculated 12:3:1 
ratio. The reverse is true, to a lesser extent, in the branched style 
group The above deviation from the calculated 12:3:1 ratio indi- 
cates Imkage The dominant factors concerned in this cross enter 
m the Coast parent, and the recessive factors enter the cross together 
m the Lion parent Therefore, if there is Imkage of the factor pans 
for branched style and rough avm or unbranched style and smooth 
awn, it would be m the coupling phase If such a Imkage occurred, 
the rough-awned plants with branched styles and the smooth-awned 
plants wnth unbranched styles would be piesent in great ei numbers 
than ■would be expected 'with independent inheritance Similarly, 
the rough-awned plants with unbranched styles and the smooth-awned 
plants with branched styles would be less numerous than the calcu- 
lated ratio for independent inheritance Such a condition is found m 
Table 31, indicating a possible Imkage between the main factor pair 
for rough awns (Rr) and one of the factor pairs for style branching. 
The data, however, are not sufficient to permit the calculation of the 
crossover percentage with any degree of accuracy. 

DISCUSSION 

In studying linkage relationships, only those having a direct bearing 
on the factor pairs considered in this paper will be discussed. A 
rather extensive list of Imkage relationships has recently been made 
by Daane (B) and Buckley (?) 
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Table 29 — segfegaiwn of long versus short haiied lachillas {Ss) and inter- 
mediate-smooth versus smooth awns (F'r') 


Number of plants having characters indicated 


Item 

Long-baired rachilla 

Short-haired rachilla 


1 

Intermedi- , 
ate-smooth 
avrns i 

Smooth 

awns 

Intermedi- 

ate-smooth 

awns 

Smooth 
av ns 

Observed count 

Calculated segregation, 9 3 3 1 

482 , 

483 75 ' 

157 

161 25 

1 

161 

161 25 

1 

60 

53 75 


8454 P, \ ery large 


The fit of the observed to the calculated is very good, indicating 
independent inheritance of the factor pairs R'r' and Ss These data 
agree with the findings of Sigfusson (12) 

Since the factor pair i?'f' for intermediate smooth versus smooth 
has been found to be inhented independently of the factor pair Ss 
for long versus short haired rachiUa, the intermediate-smooth and 
smooth phenotypes may be combined in a study of linkage between 
the factor pairs Er and"& 

According to the symbols used in this paper, the Lion parent has 
the genetic constitution rr, r'r', SS, and the Coast parent has the 
genetic constitution ER, R^R\ ss for the characters roughness of awn 
and rachilla hairs The characters went into the cross in the repul- 
sion phase The dominant factor E concerned in this study is m the 
rough class only, while the recessive factor r is in the intermediate- 
smooth and smooth classes. The factor pair E^r' is common to both 
classes, but should not interfere in the calculations, as it was found 
to be inhented independently of the factor pair Ss for long versus 
short-haired rachilk. The hnkage value was calculated on the basis 
of a (3 1) (3 1) ratio by the use of Immer’s tables (5). The observed 
data are compared with the calculated ratio with a crossover percent- 
age of 34 63 ± 1 76. (Table 30 ) 

Table 30 — Comparison of the observed and the calculated ratios vnth 34 6$ pei cent 

crossing over 


Number of plants having character indicated 


Item 

Long-baired rachilla 

Short-haired rachilla 

Bough 

awns 

Intermedi- 

ate-smooth 

and 

smooth 

awns 

Bough 

awns 

Intermedi- 

ate-smooth 

and 

smooth 

awns 

Observed count 

593 

576 6 

223 

239 4 

259 

256 1 

32 

34 9 

Calculated segregation, 34 63 per cent crossing over 


x2*i86 


The data in Table 30 indicate a linkage of the factor nairs Br for 
rough Tersus smooth awn and Ss for long versus short haired rachilla 
w.a. . cr«ssoTer vd™ rf 34.63 ±1.76. Ihe above pSot 
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GROUP 5 ROUGH VERSUS SMOOTH AWNS 

Several workers [12,7) have reported the linkage of one of the factor 
pairs for rough versus smooth awm {Br) and long versus short haired 
rachilla (&) This linkage is confirmed and the linkage values of all 
three studies are within three times then probable errors The cross- 
over percentage is about 34 

GROUP 6, ALBINO (AcSc- AHERSUS GREEN 

Onlv one linkage in this group has been found, that of the factor 
pair XcXc for green versus xantha seedlings. The factor pair A^ac is 
not closely linked with the following factors found in the above- 
mentioned groups: ( 1 ), Non 6 -rowed versus 6 -rowed, ( 2 ), black versus 
white lemma; (3), iuilled versus naked caryopsis; (4), hoods versus 
a,wns, and (5), rough versus smooth awm 

In malang the studies reported in this paper, F 3 data have been used 
freciuently The possibility of obtaining couphng phases from Fa and 
F 3 segregations when the Fo 3 to 1 ratios can be separated mto 1:2:1 
ratios by the use of F 3 data is discussed m this paper When one or 
other of the factor pairs can be segregated mto three classes where a 
single-factor difference determines the character difference, a 1 : 2:1 
ratio may be obtained and by proper grouping of the heterozygous 
class wuth one or the other of the homozygous classes, a 3:1 or 1:3 
ratio may be obtained and a coupling phase in the F 2 used for the deter- 
mination of linkage This method cuts down the error, smce the 
small double recessive group obtained m the repulsion phase of linkage 
is combmed with the heterozygous individuals m the couphng phase 
and the loss of a few individuals of this class has less influence on the 
linkage determinations when in the coupling phase An example of 
this type of classification with the same data is given in Tables 18 and 
19, where the interrelationship of 2 row versus non 2 row and green 
versus clilorina (Ff) is studied 

SUMMARY 

In this paper the inheritance of the following character pairs is 
explained on a simple Mendelian basis Green versus chloiina seed- 
hngs {Ff) in Minnesota 84-7, green versus vnescent seedlings {Ty) 
in Minnesota 72-8, blue versus nonblue aleurone (Bl bl) 

A 2 -factor difference w-as foimd to explain the difference between 
rough and smooth awns A 12:3:1 ratio of rough, intermediate- 
smooth, and sniooth-awned plants was found The symbols Rr R'F 
were used 

The interrelationship of several botamcal characters and chloro- 
phyll deficiencies was studied, with the following results: 

( 1 ) The factor pair Ff for green versus chlorma seedhngs w^as found 
to be inherited independently of the factor pairs Atat for gieen versus 
w^hite seedhngs in Trebi, for green versus w’hite seedlmgs in 
Colsess, Fcfc for green versus chlorina seedhngs m Colsess, & for 
long v^ersus short haired rachiUa, and Kk for hoods versus awms 

( 2 ) The factor pair X^c for green versus xantha seedlings in 
Colsess was found to be inherited mdependently of the factor pairs 
Yy for green versus virescent seedlings in Minnesota 72-8 and Bl hi 
for nonblue versus blue aleurone 

The factor pair Bl hi for blue versus nonblue aleurone was found 
to be inherited independently of the factor pair Ss for long-haired 
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GEOUP 1 NON 6-ROWED VERSUS 6-ROWED 

The following plant chaiacters have been described bjr two or moie 
independent workers as belonging to this group (2 ) . Height of plant, 
length of awn, early versus late heading, and extension of the outer 

In crosses between Minnesota 84-7 and Trebi, a linkage has been 
found between the factor pair Vi\ which distinguishes between the 
2-rowed and 6-rowed character, and Ff, a factor pair for chlonna 
seedlings first described by Nilsson-Ehle (9) and later obtained from the 
^linnesota station under the number Minnesota 84-7 This chlorina 
seedling was found by Nilsson-Ehle to be linked with a white seedling 
factor pair known as AzOs, albino 3 Hallquist (4) confirmed this Imk- 
age and found the linkage of another white seedling factor pair, 
albmo 4 He gave the foUo^Miig crossover percentages and arrange- 
ment of the genes m the chromosome: Albino 3 and chlorina, 10 2 per 
cent crossover: albino 4 and chlorina, 3 8 per cent crossover, and 
albino 3 and albino 4, 12 o per cent crossover This would mean that 
the genes were arranged in the chiomosome as follows* Albmo 4, 
chlorma and albmo 3"^ Buckley (f)m a recent paper reported a link- 
age of the factor pair for 2-rowed versus 6-rowed, with several genes 
concerned in the development of colored veins on the lemma and one 
of the two genes concerned with the development of red pericarp. 
He also lists the chlorophyll-deficient series of Nilsson-Ehle and 
Hallquist as possibly formmg a fifth linkage group The data pre- 
sented in this paper place this group in the linkage group with 
6-rowed versus 2-rowed. However, the arrangement of the factors in 
the chromosome has not yet been determined The factor pair for 
the row character may be either to the right or to the left of the factor 
pair for chlorina 

GROUP 2 BLACK VERSUS WHITE LEMMA AND PERICARP 

Several factor pairs are located m this group, but none so far has 
been found mdependently by two workers However, it has been 
clearly shown by^ Kobertson {10), Sigfusson {12), and Buckley {!) 
that the factor pair Ss^ for long versus short-haired rachilla is inherited 
mdependently of the factor pair Bh for black versus white pericarp 

GROUP 3 HULLED VERSUS NAKED CARYOPSIS 

Only one factor pair has been reported by two workers in this gioiip 
that is dense versus lax head {2), 

GROUP 4 HOODS VERSUS AVTNS 

Buckley found a linkage between the factor pairs for hoods versus 
awTis and Bl bl for blue versus nonblue aleurone This linkage is con- 
firmed in the present paper However, the linkage value here reported 
IS smaller than that found by Buckley {1 ) It was also shown that the 

chlorophyll-deficiency factor pairs Aca^ and XcXc which are closely 
linked and which were thought to be loosely linked to the factor pair 
b<>f>ds versus awns, are evidently not linked to the factor pair 
Bl bl for blue versus nonblue aleurone This is easily understood when 

It is remembered that the crossover value reported by Robertson {10) 
from a segregation of three classes was 45.09 per cent' If Kk was also 
linked with Acdf, a linkage of AcOhc and Bl hi should have been ob- 
tamed with a crossover value of about 25 per cent 



A PHOTOGRAPHIC LIGHT BOX FOR USE IN AGRICUL- 
TURAL RESEARCH » 


By A. B. Groves 

Assistajit Plant Pathologist^ Department of Botany and Plant Pathology^ Virginia 
Agricultural Experiment Station 

INTRODUCTION 

The difficulty experienced in attempts to obtain a constant and 
always uniform source of fight for pfiotographmg diseased fruits and 
similar specimens led the writer to devise a more satisfactory method 
of iliummation. The result of considerable experimenting was the 
production of a light box which has proved to be most satisfactory 
for its purpose, and its use has resulted in the saving of considerable 
time and material, as well as in obtainmg better results than had been 
possible before. This light box has also proved to be useful in lantern- 
slide production, natural-color photography, and m low-power photo- 
micrographic work where upper-field illumination is desired. 

APPARATUS 

The illuminating device as designed for use with a Leitz vertical 
camera (pi. 1, A) consists essentially of a box, square at the top and 
rectangular at the base, with the lower portion of two sides extended 
3 mches at one end to make this part of the box project beyond the 
square upper part The box is provided with a removable toppiece 
carrying a shielded aperture for the camera lens. The upper section 
of the box carries four 50-watt light bulbs which serve as a source of 
upper illumination, while two bulbs of equal size at the bottom of the 
box provide illumination from beneath the subject. The projecting 
right end of the box is hinged to provide ready access to the interior 
of the apparatus so that the specimen-supportmg fixtures may be 
manipulated and the specimens arranged during the focusmg process. 
Four grooves are cut into the inside faces of each of the two large 
sides of the box, and the specimen-supportmg fixtures are carried m 
these grooves. These four grooves make it possible to adjust the 
distance of the subject from the lens and thus obtain a suitable mag- 
nification without moving the lens more than a slight amount, if at 
all. This is important, as the field becomes restricted if the lens is 
moved any considerable distance upward. The fights are controlled 
by three switches, one line switch in the cord a short distance from 
the box and two tumbler switches attached to the outside of the box. 
The upper switch controls the four bulbs on the upper circuit, and 
the lower switch controls the lower two bulbs The line switch is 
used to control the lights while a plate is being exposed, the other 
two being manipulated only when the line switch is off. This pre- 
caution is necessary to prevent any vibration of the subject while it 
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The factoi pair Bb for black versus white glumes was inherited 
independently of the factor pairs Br B'r' for rough versus smooth awn 
and Gg G^g' G^'g^^ for branched versus unbranched style The factor 
pair & for long versus short haired rachilla seemed to be inherited 
independently of the factors for branched and unbranched style 
This was explained on the hypothesis that the factors may be located 
at the extreme ends of the chromosome 

Linkage was found between the following factor pairs 

(1) jy for green versus chlorina seedlings and Vv for non 6-rowed 
versus 6-row’ed A crossover value of 18 3 ± 0 74 per cent was found 

(2) Fcfc for gi'een versus chlorma seedlings m Colsess and YcVc for 
green versus virescent seedhngs m Coast. A crossover value of 29 3 
per cent %vas found 

(3) Bl hi for blue versus nonblue aleurone and Kk for hoods versus 
awns The crossover value was 22 58 per cent ± 0 82 

(4) Ss for long-haired versus short-haned rachilla and Rr the main 
factor pair for roughness of awn The crossover percentage was 34 63 

(5) There was also an indication of possible linkage between the 
rough-awm factor pair and some of the factors for branched and 
unbranched stvle 
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A Photographic Light Box for Use m Research 


PLATE 1 




Photographic light bos. and accessories A, Photographic light bos in position, showing manner 
of fittmg vertical camera support and the s\\itch arrangement, B, interior view of bos show- 
ing the manner of placmg specimens for photographing, C, interior view of light bos, showing 
the arrangement of hght bulbs, D, aceessones for use with light bos, the masks for making 
lantern slides are shown m a, while the velvet-lined bo\, the reOector tray, and the pieces of 
liashed opal and frosted glass appear m b 
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IS being photographed Three pieces of accessory apparatus (pi. 1, D) 
are used to support the objects to be photographed; two of these are 
used when a photograph with either a white or gray background is 
desired, and the third is used only when a completely black back- 
ground IS wanted. The first of these is a 4-sided reflector apparatus 

\^hich carries a sheet of flashed opal glass at its base and a second 
sheet of frosted glass over this The flashed opal glass serves to give 
satisfactory iftusion of the hght from below, but because of its smooth 
surface it must be covered with a sheet of frosted glass to eliminate 
objectionable glare from the lights The second equipment is used 
when larger obj'ects are to be photographed, or when lantern slides are 
to be made This equipment consists of two large sheets of flashed 
opal and frosted glass (6) cut to fit directly into the grooves in the sides 
of the box. It IS not altogether necessary to use the tray at any time, 
as these two large sheets of glass may be employed for the same pur- 
poses for which the tray is used. The greater convenience of the tray, 
together with some advantage m iliummating the sides of deep speci- 
mens, seems, however, to make its use desirable. A deep, black- 
velvet-lmed box which fits directly mto the side grooves serves as a 
support when a black background is desired. 

METHOD OF OPERATION 

All of the more common types of photographic plates have been 
used with the apparatus, but the ones most generally satisfactory 
have been those with panchromatic emulsions Orthochromatic 
plates also give good results, but require several times the exposure 
necessary for panchromatic plates. The process panchromatic plate 
is also qmte useful where it is desired to accentuate the contrast. 
Filters have not been used as much as with daylight, but it has been 
foimd that the Wratten K 2 and K 3 filters give no appreciable cor- 
rection. Difficulty was experienced in obtaimng the desired contrasts 
with such subjects as apple and peach leaves and fruits showing spray- 
injured or diseased regions m which the necrotic or chlorotic areas 
were light brown, red, or yellow The use of the proper filter as 
determined by observation of the object through a filter test chart 
resulted in securing satisfactory photographs The Wratten A, B, 
and G filters are used where it is desired to obtain clear definition with 
such objects having slight contrasts between greens, reds, brown, and 
yellow. 

The 100-mm lens is used for practically all the work, as it will 
cover a 5 by 7 inch plate at the distance it must work from the objects 
in the box. This lens gives natural-size reproduction as well as a 
certain d^ee of enlargement or reduction The sWter focal-length 
lenses will not cover as large a field m the necessary working range 

PHOTOGRAPHING WITH A WHITE BACKGROUND 

The white backgroimd, as used wdth the apple target-spot material 
illustrated (pi. 2, B), is the most generally satisfactoiy and the most 
commonly^ used. It may be employed with any opaque or nearly 
opaque object, such as fruits, twdgs, leaves, tubers, roots, and similar 
specimens, unless they are very light colored. The obj ect to be pho- 
tographed IS placed directly on the frosted glass (pi 1, B), which may 
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be either the one used m the reflector tray or the large glass. The 
flashed opal glass must be placed beneath the frosted glass to obtain 
even illumination from below. The upper, or both the upper and 
lower, hghts are switched on and the arranging of the specimens and 
the focusing of the camera completed. A diaphram aperture of 
approximately f 48 is usually used for the exposure The lights are 
switched off, the plate holder inserted, and the protecting slide vtuth- 
drawn. The lower switch is set at ^'on,” the upper one at “off/' 
and the hne switch turned on for approximately two seconds, provided 
a panchromatic plate without a filter is used. The hne switch is then 
turned off, the upper switch also set at “on," and a second exposure 
with both sets of lights for approximately one second is given This 
completes the exposure Opaque objects, or those nearly so, may be 
silhouetted with the lowrer lights and a small lens diaphram, insuring 
a satisfactory white background as well as destroying any background 
shadows With many objects it is not necessary to use the additional 
backgroxmd exposure In such cases both sets of lights are used 
together for the single exposure The periods of exposure vary but 
little,^ and consequently after they have once been determmed for a 
certain plate and developer, a high percentage of satisfactory plates 
may be expected 

PHOTOGRAPHING WITH A GRAY BACKGROUND 

Light to medium gray backgroxmds may be produced by msertmg 
a sheet of transparent red paper between the frosted and flashed opal 
glasses and proceeding in about the same manner as for a %vhite back- 
ground. A medium-gray background may be obtained with the use 
of the upper set of lights only, the use of the lower set of hghts for 
varying periods wiU produce lighter-gray backgrounds The red paper 
used in wrappmg film packs and other photographic materials is quite 
satisfactory. The dark-gray background, as used in photographing 
the apple mjured by summer-oil spraying (pi. 2, C), was satisfactorily 
produced by inserting a sheet of black paper between the two sheets of 
glass and using only the upper set of lights. The rough surface of the 
glass will reflect sufficient light to give a gray background, and at the 
same time no photographic impression of the paper will be obtained as 
wmuld be the case if the subject were placed directly upon the paper. 
The gray background is most useful with objects which contain con- 
siderable contrast, making either the white or black backgrounds some- 
wffiat unsatisfactory. 

PHOTOGRAPHING WITH A BLACK BACKGROUND 

Completely black backgrounds are desirable only wffien sharp con- 
trast is desired, as was the case with the mushroom, Lepiota naueina 
(PI 2, A ) Such a backgroimd is ob tamed by the use of the box 
lined with black velvet. The subject to be photographed may be 
placed directly upon the bottom of the box, or upon some small sup- 
port which is covered by the object itself Care must be taken to 
remove all hat and light-colored particles from the surface of the vel- 
vet The upper set of hghts are used alone and the usual exposure 
given. If these precautions are observed an even black background, 
free from evidences of the support, will be obtained. 
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Photocraphs made ^ith the aid of the lightbox, illustrating the different types of background 
obtainable and also showing the possibilities of the light box m photomicrography A. Xepiofa 
SoSc blS:k backgrouSd, Bftarget canker on apple twigs, white background, C, 
miury on apple, gra> background, D, yoimg larva of Cydia pomonellu D is X 25 


, spray 
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the connecting groove in the left end, are designed to hold the wiring 
system, which is completely covered in the fimshed box. These 
grooves fit together to make continuous channels when the pieces are 
assembled. The four Ji-inch grooves in each of the two sidepieces are 
for holding the accessory fittmgs, as has been previously mentioned 
The back, front, and left sidepieces are nailed to the bottom through 
the sides, as the bottom fits mside the box and even with the lower 




Figure 1 — Detailed drawings showing the dimensions and construction of certain parts of the 
photographic light bos A, Front, B, back, G, left side, D, bottom 

edges of the side and end pieces The upper piece of the right-end 
assembly is nailed across the upper mset of the two sidepieces. The 
other two right sidepieces are nailed together as illustrated in Figure 
2, B, to form the door of the box.^ This door is hinged to the side 
away from the operator, or to the sidepiece designed to fit up against 
the upnght support of the camera It should be mentioned here that 
it wdl be necessary to cut a groove in the outside face of the sidepiece 
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NATUR*\L-COLOR PHOTOGRAPHY 

The Autochrome or Agfa color plates may be used svith the light 
box for taking photographs m natm'al colors The writer has not 
found it necessary to use a filter, the hght from the yacuum bulbs 
producing very satisfactory lesults without correction. Nitrogen- 
filled tungsten bulbs would no doubt be desirable if a great deal ot 
this kind of work were to be done The period of exposure ranges 
from 20 seconds to over a minute, depending upon the density of plate 
desired 

LANTERN-SLIDE PRODUCTION 

The hght box may be used m making lantern slides from plates not 
larger than o by 7 inches m size For this purpose a sheet of black 
coyer-stock paper is cut to the size of the large pieces of glass and a 
correctly centered section slightly smaller than the plate with which 
It IS to fee used is cut from the sheet (PI 1, D, a ) The section re- 
moved must be centered beneath the camera lens This paper mask 
IS placed between the two large sheets of glass, the three are then slid 
mto two of the parallel grooves which run horizontally between the 
upper and lower sets of light bulbs (pi 1, B and C), and the negative 
placed over the aperture in the paper^ The lower lights are switched 
on and focusing completed, after which the exposure is made in the 
usual manner 

PHOTOMICROGRAPHIC ILLUMINATION 

The light box may be used quite successfully for upper-field illu- 
mination in low-power photomicrographic work (pi 2, D) when other 
and more convenient methods are not available. To use the box for 
this purpose, the lower bulbs are removed and the microscope is 
placed on the bottom of the box and centered. The tube should be 
extended to the proper length and the top of the box replaced. The 
microscope may be too low, in which case it may be raised by placing 
as many sheets of cardboard beneath it as are necessary to raise it to 
the desired height. The camera is then fitted to the microscope as 
usual, the upper lights turned on, and the microscope focused. It is 
necessary under these circimistances to manipulate the microscope 
controls through the open door of the box. An exposure of approxi- 
mately 30 seconds is required at a magnification of 25 diameters 
The light box illu m inates the field evenly and produces no shadows, 
shading of the field being necessary if some shadows are desired with 
light objects sho%ving little contrast. 

CONSTRUCTION AND FITTING OF THE BOX 

The light box is not difficult to construct, and may be made by any 
woodxyorking or cabinet shop The total cost, including labor and 
materials, should not exceed $20 or $25 
Three-quarter-inch white-pme lumber is used in the construction 
of the box. This makes a very substantial piece of equipment and 
allows sufficient thickness to cut the wiring and slide grooves. 
Detailed drawings of all the parts of the box are given in Figures 1-3 ! 
The drawings and measurements are based on butt-end construction, 
although mitered construction may be used if preferred. The ?^-inch 
grooves at the top and bottom of the individual pieces, together with 
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and 1 inch, above the upper surface of the toppiece Three-quarter- 
^ch quarter-round molding is fitted around the top of the tube to 
brace it and give the top a finished appearance. The lower side of the 
toppiece IS fitted with a flange made of triangular stock IH inches on 
each of two sides (PI 1, C, and fig 3, B ) This piece holds the top 
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Figure 3 — Detailed drawings showing the dimensions and construction of certam parts of the 
photographic light box, and the arrangement of the light bulbs A, Cross-sectional view of the 
top, B, toppiece with upper side shown at a and lower side at 6, C, diagrani of wiring in which 
B stands for bulb and for switch 

in position and also serves as a reflector above and back of the bulbs. 
The toppiece should not fit too tightly or it may bind after pamting. 

The box is wired with double-strand insulated wire, which is placed 
around in the wiring grooves in the box and secured with insulated 
staples A loop of wire should be left about 1 mch from each corner 
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fitting against the camera support in order to center the camera prop- 
erly This groove extends upward from the apex of the triangular 
cut in the bottom of the sidepiece, but this groove has not been illus- 
trated as the ifittmg will have to be made to the individual camera 
(PI 1, A ) The small by % by UK inch piece is nailed across the 
right end to the bottom piece and extends the bottom out even wuth 
tlie outer edge of the door When assembled, the inside dimensions 




Figote 2 drawings showing the dimensions and construction of certain parts of the 

right-side construction, C, cross section of the 
reflector, D.blacfe-background box, E, reflector tray vuui.,uo 


of the box are 10 by 10 inches at the top and 10 by 13 inches at the 
bottom. The outside dimensions are UK by 14K inches. The top- 
mece is UK inches square, having a section 4K by 4K inches cut from 
toe^ter. A square tube constructed of K-mch plywood is fitted in 
^ hole in the top so that it projects 2% inches below the lower surface 
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night, and so long as other factors are kept the same the period of 
exposure for best results will not yary appreciably. This results in 
a great saving in time and photographic supplies. 

In addition to being of use in ordinary indoor photography, the 
box may be used for making lantern slides and in lo%y-po\ver photo- 
micrographic vroik The construction of the box, together with its 
method of operation, is described m detail 
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and at the ends of the two lower gi*ooves for later attachment to the 
hght sockets. A single loop is pulled through the upper and lower 
holes in the left end piece for attachment to the two circmt switches 
A double loop is pulled through the center hole to be attached to the 
rosette to which the lead-in wire is attached After the wiring has 
been completed, but before any fixtures have been attached, the wur- 
ing grooves aie fiilled wuth plastic w^ood material and this allowed to 
dry thoroughly and harden The small irregularities remaining are 
then smoothed over with a thm paste of plaster of Pans and after this 
has dried and again been smoothed down, the box is ready to be 
painted. After painting, open-bottom receptacles are fitted at the 
bulb locations and the wuring brought up through them and attached 
to the keyless sockets This assembly of bottom-wired receptacles 
and keyless sockets places the filaments of the bulbs at approximately 
the centers of the sides. The switches, rosette, and hinges are also 
attached after pamting has been completed The arrangement of the 
bulbs and switches is shown in Plate 1, A and C The waring diagram 
IS given in Figure 3, C. 

The interior of the box is painted W’-hite, as is the reflector tray 
Lacquer has proved to be better than enamel for this purpose. The 
interior of the square lens-receiving tube or aperture is lined wuth 
black velvet, although dull black pamt should be satisfactory. 

The reflector tray is made of M-inch plywood, as is the black back- 
ground box The reflector tray is constructed with sloping sides, 
the dimensions at the top being by inches and by V/i inches 
at the bottom. The tray has no other bottom than the two pieces 
of glass W’idch serve as a transparent base. The two pieces of glass 
are cut 8 inches square, thus fitting near the bottom of the tray. 
The tray is fitted with projecting tongues on two sides (fig 2, C and 
E) to fit into the side grooves The black background box is a plain 
open-top box 9?^ inches square and 3 inches deep (fig 2, D) with the 
bottom edge projecting a short distance on each of two sides in order 
to engage in the grooves in the box The interior of the box is lined 
with a good grade of black velvet This box may also be used quite 
satisfactorily outside the box. The two large pieces of frosted and 
flashed opal glass are each cut lOffe by 13 inches in size 

The light box as described is designed to operate with the Leitz 
vertical camera, although the design may be readily adapted to other 
cameras. The principal precautions to observe are to see that the 
over-all height of the box is not greater than the height to which the 
lower end of the camera rail can be raised, and to determine the 
largest size box that can be centered beneath the camera. 


SUMMARY 

The hght box described in this paper has proved very satisfactory 
as a source of illummation for photographing diseased fruits and 
smiuar specmiens It provides a simple and inexpensive means by 
which shadows, high lights, and cross lights can be eliminated and 
at the same time enables the operator to secure the color of back- 
ground that is best smted for the object to be photographed 
feince the lUummation comes entirely from artificial sources, day- 
ShW® excluded, the hght is always unifonn This makes it 
possible for one to do photographic work at any time of day or at 
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THE INHERITANCE OF THE WHITE BURLEY CHAR- 
ACTER IN TOBACCO ^ 

By F S Henika ^ 

Research Assistant in Horticulture^ Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Progress in the development of improved strains of tobacco is 
limited by a lack of exact knowledge relative to the inheritance of 
specific characters which make up the varietal complex In the case 
of the White Burley variety, the basic character is an apparent reduc- 
tion in chlorophyll, which renders it economically important. An^" 
attempt, therefore, at the improvement of this variety by hybridiza- 
tion must take into account the mheritance of this character. The 
present study was, m part, prompted by this consideration; for, 
although White Burley tobacco has been the subject of some genetic 
investigation in the past, the inheritance of the “white'’ character 
has remained obscure 

White Burley tobacco onginated in 1865, presumably as a mutation 
from the green-colored variety Little Burley (Mathewson (10)).^ 
In appearance. White Burley seedlmgs are characteristically somewhat 
lighter green m color than seedlings of green varieties. The stems of 
White Burley seedlings in particular are clear white and have a glossy 
appearance in contrast to the dull greenish-white stems of green varieties. 

For a few weeks after the seedhngs are transplanted, under good 
growing conditions the color difference between White Burley and 
green ^ varieties becomes less distinct, especially w'hile the plants are 
growing rapidly With the approach of maturity, however, White 
Burley tobacco loses much of its green color, particularly in the low^er 
leaves and in the stem If the usual commercial practice is followed, 
and the plants are topped by breaking off^ the stem several nodes 
below the seed head, the loss of chlorophyll in white Burley plants is 
increased, and within a short time the plants become light yeUow m 
color Except for a shght mottlmg of the leaves as they ripen, green 
varieties retain their color under this treatment 

REVIEW OF LITERATURE 

A survey of the hterature reveals that m almost every plant genus 
which has "been subjected to intensive genetical mvestigation, heritable 
chlorophyll deficiencies have been reported, and in many cases a 

1 Received for publication May 8, 1931 , issued May, 1^2 Paper No 120 from the Departments of Genetics 
and Horticulture, Agricultural Experiment Station, Umversity of Wisconsin 

2 The author desires to express his smcere appreciation to Dr R A Brink and to Dr James Johnson for 
many helpful suggestions m the course of the work. The writer is also particularly mdebted to Doctor 
Johnson for his generous provision of materials and for the unpublished data appearmg m this manuscript 

3 Reference is made by number (italic) to Literature Cited, p 493 

4 The term “green” as used m this paper refers to the normal genetic green color of leaves and stalks, ana 

“white” refers to the white or yellow color characteristic of White Burle y tobacco. 
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MATERIALS AND METHODS 

Dr James Jolinson laid the foundation for the present investigation 
m 1916 while engaged m tobacco mvestigations at the Wisconsin 
Agricultural Experiment Station In the course of studies on the 
inheritance of disease resistance m tobacco he {4) crossed a niunber of 
green lines with pure lines of White Burley In subsequent generations 
from these crosses segregation for color of plant was observed and 
recorded so that by 19?S, when the writer became interested in this 
material, a substantial body of data dealing TVith the inheritance of 
the chloiophyll deficiency had been accumulated 

VARIETIES USED 

The maiority of Johnson’s observations were made on progemes of 
the cross Little Dutch X White Burley, strain Judy’s Pride Since 
seed of the Fi, Fo, and F 3 generations from this cross weie available 
as well as seed of the Fi backcrossed to White Burlev, it seemed ad- 
visable to use this material in the further anabasis of the White Burley 
character Little Dutch, the green parent in tins cross, is tm Ohio 
strain grown for cigar-filler tobacco in that State 

Jiidv’s Pride is a typical strain of stand-up AMiite Burley toba(‘co 
Mich as IS giown extensively in Kentucky Undei optimum conditions 
it makes a very vigorous growth 

Other ^reen and white crosses made durmg the course of the 
investigation involved the following pure-line varieties: SB9AAX, a 
stand-up T^Tnte Burley strain resistant to black root rot , Havana 142, 
a green Ime of cigar-binder tobacco extensively grown m Wisconsin, 
Xanthia, a green Turkish stram with small oval leaves, 180A31, a 
green strain of cigar-binder tobacco; and Wliite Burley, strain Judy’s 
Pride. 

FIELD METHODS 

In general, the procedure in these earlier investigations was that 
common to commercial tobacco growing in Wisconsin Seed was 
sown in steam-sterilized seed beds early in April, and the seedlings 
transplanted to the field in Jime No conscious selection was exerted 
m the choosing of plants from the seed bed except as in commercial 
practice — that is, the earliest plants, and therefore usually the largest 
plants of an even size, were taken Counts on segregatmg progemes 
were made after topping, when the phenotypic difference betw’een 
genetically green and genetically white individuals was greatest. 
In some cases the plants left in the seed beds weie permitted to grow 
until they could be classified ; in certain other cases, after field planting 
the majority of plants were removed from the seed bed and discaided, 
permitting those remaining to grow^ until their character could be 
determined. 

METHODS USED IN GREENHOUSE TESTS 

With the field method the size of populations w^as limited by 
available land and by facilities for culture; consequently other methods 
for the study of the white character m larger numbers w^ere sought 

Early in 1929 a method was devised for the identification of the 
chlorophyll deficiency in the seedling stage in the greenhouse It was 
foimd that pure-line green and pure-line White Burley jilants gave a 
different reaction to a period of total darkness at high temperature. 
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satisfactorj’’ genetic analysis has been made. In the genus Nicotiana 

four cases may be cited 1 i. i, • # x • 

Lodewijks (5) reported the occurrence and behavior ot certain 
‘‘aurea” forms of Nxcotxana tahacum which onginated as mutations 
m his experimental fields at Klaten, Java, in 1908 and 1909 Two self- 
pollmated aurea plants gave rise to two aurea groups, similar in 
app6(iraiice but apparontly distinct in genetic behavior Severtil sell- 
pollinated generations of group 1 aureas yielded 75 per cent aurea and 
25 per cent green, Aureas of group 2, however, yielded 35 per cent 
aurea and 65 per cent green Reciprocal crosses between the aureas 
and the green types made by Lodewijks gave the following results; 
In group 1, aurea X green yielded 83 per cent aurea in Fi, and the 
reciprocal cross, green X aurea, 48 per cent aurea For group 2, 
crosses ^ith aurea as the female parent gave in Fi 48 per cent aurea. 
and green X aurea gave 43 per cent aurea 
Since he was unable to estabhsh true breeding aureas of either group, 
Lodewijks concluded that his aureas, like certain of Baur's Antir- 
rhinums {2)y existed only m the hybrid form 
Lubimenko and Palamartchoiick (P) studied the different amounts 
of chlorophyll present in certain Russian and American varieties of 
Xicotia?ia iabacvm as determined by chemical analysis Data foi* the 
parents and the Fi of a series of crones were repoited, but no attempt 
was made at factorial analysis in F 2 
Allard (i) studied an aurea form of Nicotiana rusiica In crosses 
with the green form of this species he found that the aurea foim be- 
haved as a simple Mendelian recessive 
Kajanus (d), working in Sweden, reported the results of crossing 
White Burley tobacco obtained from Virginia, with a green variety 
native to the Netherlands The Fi of this cross was green, like the 
green parent, and in F 2 the following distribution was obtamed: 


Green 'White 

Observed 5, 037 229 

Expected (15 : 1) - - 4, 937 329 d=100±ll 85 ^ 


In the F 3 generation, although numerical ratios are not given, constant 
green, constant white, and segregatmg families were obtained with 
the truebreeding green progemes constitutmg the majonty. 

In the fii-st three cases cited, the chloro^yll-deficient charactei-s 
under consideration can not be regarded as being identical with the 
White Burley character, although they are apjiarently smiilar in 
appearance The aurea character of Loifewijks is, in fact, quite differ- 
ent smce it behaved as a dominant and upon self-pollination gave rise 
to progeme.s segregating for aurea and green 
The aurea character reported by Allard (1, p in Nicotiana 
ruxtica is essentially similar to White Burley m appearance but is a 
monohybrid and m a different species The crosses of Lubimenko and 
Palamartchouck were not carried through the second generation and 
consequently do not show the number of genetic factors involved 
Only the paper of Kajanus deals with the 'V^te Burley character 
Since his White Burley vanety was obtained from Vii^nia, it may be 
safely considered as belonging to the same chlorophyll-deficient 
group as the varieties used in the present investigation The evidence 
a simple dihybiid relationship between the green and white varie- 
ties used by Kajanus is, however, not conclusive. 


» of probable error made by the writer from Kajanus' data 
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INTERPRETATION OF EXPERIMENTAL RESULTS 

In the interpretation of experimental results, probable errors and 
the test for goodness of fit as outhned by Kirk and Immer f^) were 
employed 

Probable errors were taken from tables based on standard formulae, 
and values of x^ were taken from tables by Fisher (5). 

FIELD RESULTS WITH LITTLE DUTCH X WHITE BURLEY 

The data presented in Table 1 were brought together from the 
field notebooks of Doctor Johnson late in 1928 A small field planting 
of certain segregating progenies from cross 63 had been made by the 
writer during the summer of the same year The results of this 
planting and the field results of the F2 population planted in 1929 are 
included in these totals for the sake of completeness ® 

Table 1 presents a summary of field segregation in F2 and F3 of 
Little Dutch X White Burley and in the back cross of the green Fi 
to recessive White Burley. Inspection of the data listed reveals a 
rather poor fit on the basis of dihybrid segregation There is in every 
case a deficiency of recessives considerably greater than ordinarily 
expected Furthermore among the 20 progemes that make up the 
totals m Table 1, all but 3 were in turn recessive-deficient In addi- 
tion to the segregatmg F3 famihes a number of true-breeding green 
and true-breeding white F3 progenies were recovered by Johnson 

Table 1 — Field counts on Little Dutch X White Burley {cross 6S), 1928 


Designation 

1 Plants ! 

Proe- 

_ ^ Dev 

Deviation ^ 

ernes | 

j Green 

1 Aaiio 

White 1 

63F2 ! 
63F3 
63F3 
63FiXWB 

Kumber, Number 

4 4,371 

8 1, 732 

2 1 377 

6 ‘ 783 

i 

Number 

167 

92 

79 

195 

1 

Per cent 

3 7 1 15 1 

6 0 1 16 1 

17 3 ; 3 1 

19 9 j 31 

! 1 

-116 6d=ll o' 10 6 ' 
-22 Oi 7 0 ' 3 1 

-35 0± 6 2 5 6 

-49 9± 9 1 ' 5 4 


In general, two interpretations may be made of data of this char- 
acter. (1) Inheritance may be of a simple Mendelian nature, and en- 
vironmental factors may be considered as responsible for the elimina- 
tion of recessives at some early stage, or (2) inheritance may be more 
complex, involving modifying factors and possibly hnkage 

Attempts were made to check the recessive-deficient ratios observed 
by classifying the plants remaming in the seed beds at the con- 
clusion of field plantmg to determme if selection based on a differential 
growth rate of green and white seedlings could be responsible for the 
deficiencies. In cases in which sufldcient plants remained to yield a 
significant tally, ratios closely approximating those observed in field 
planting were obtamed 

Examination of F2 results and the data from the back-crossed Fi 
generation disclosed no evidence of difference m reciprocal crosses, 
which rules out any hypothesis assuming differential poUen-tube 
growth. 

« Typed copies of the data from which summary tables appearing m this manuscript were taken are 
available for inspection 
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The chlorophyll-deficient character of White Burley seedlings was 
markedly accentuated by the treatment, whereas pure-line green 
seedlings were only slightly affected Experiments with both pure- 
line and segregating material led to the adoption of a standard 
etiolation period of seven days at a temperature of 90® F for seedlings 
approximately 4 inches in height 

The effectiveness of the etiolation period was governed, apparently, 
by two factors — temperature and the physiological state of the plants 
as evidenced by their rate of growth. At temperatures of 50® to 60® 
F , 14 or 15 days of total darkness were required to etiolate White 
Burley seedlings completely, as compared with 7 days at 90® Further- 
more, plants not in a state of rapid growth were much less uniform 



Figure l A typical flat of seedlings after etiolation, progeny 63-22d'XW B 9 65 green, 55 white 

m their reaction to the etiolation. For this reason, during the darker 

pSod 

mateml that had been classified by 
of t£l tjansplmted to the field Reclassification 

been ^ conditions showed that no errors had 

"^as begun in November, 

for 3b Stes at 9?? 5f steam-stenlized 

unstenlized iP ’ seedlings were transplanted to 

A composted pii when about 1 inch in height, and grown 
to suflScient size for etiolation. Figure 1 shows a tvnical flat o^<?ped 
hogs of a back-crossed progeny after etiolS. ^ 
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The agreement between observed and expected results m the dis- 
tribution IS excellent This progeny test, involving the green 
segregates only, provides strong evidence of the dihybrid nature of 
the material The F3 tests are summarized in Table 4 Data for the 
greenhouse counts on the 53 nonsegregatmg F3 families totalmg over 
24,600 plants are not included 

Table 4 — Greenhouse counts on Little Dutch Y White Burley (cross SS), the F, 
progenies segregating foi one and for two factors 


Desig- 

Prog- 


Plants 


Ratio 

Deviation 

De\ 

nation 

..... _ .. 

enies 

Green 

, i 

^ White 


63F3 

1 

Number 
f 31 

1 23 

Number 
19,677 
13, 139 

i 

j Number 

1 1,105 

1 3,476 

Per cent 
5 3 1 
20 9 , 

15 1 

3 1 

-193 9=fc23 5 
— 677 8±37 6 

S 3 

, 18 0 


Examination of the F3 families segregating for two factors revealed 
that 26 of the total 31 progenies were recessive deficient Among 
these individual progenies the extent of the recessive deficiencies was 
not great since only two progenies had deviations as large as three 
times their respective probable errors Furthermore, in but two of 
the five families showmg an excess of white segregates were the 
numbers sufl&ciently large to merit individual consideration. For 
the behavior of these two, 63-57 and 63-78, no good explanation 
can be advanced. It was noticed, however, m comparing the F3 
families with the results of back crosses of the parental F2 that the 
back cross of the green F2 plants m both of these cases gave popula- 
tions deficient in recessives. 

Additional evidence of the cumulative nature of the recessive 
deficiencies was supplied by the F3 families segregating approxi- 
mately 3 green : 1 white, also summarized in Table 4 Twenty-one 
of the 23 families tested were recessive deficient, and all progenies 
involving more than 600 plants showed deficiencies greater than 
three times their respective probable errors On the basis of probable 
errors one might conclude that larger deficiencies occurred in the 
progenies segregating for a smgle factor than m those segregating 
for two factors Actually, however, the percentage elimmation of 
recessives based on the total number expected in the two cases is 
nearly the same — 16 3 per cent recessive deficiency for the foimer, 
and 15 7 per cent for the latter. 

In the back crosses of the parental F2 selections su mm arized in 
Table 5 the percentage of recessive elimmation was considerably less, 
namely, 7 1 per cent for progemes segregatmg 3 green ' 1 white, and 
2 2 per cent for those segregating m a 1 ; 1 ratio Although the 
inference to be drawn from this behavior is not wholly clear, it 
appears that the degree of recessive deficiency is influenced by the 
source of the material. 
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GREENHOUSE TESTS OF F. POPULATIONS 

AVitli the development of the gieenhouse technic loi the identifica- 
tion of the 'UTute Burlev character in the seedling stage, tlic 1929 
growing season was devoted to the production of suitable progenies 
for greenhouse analysis A large planting of 63ZZZF3 was made 
troni which some 250 green plants were selected at random and self- 
polhnated Over lOO'of these selections were also back crossed to 
pure-line White Burley to provide an additional check on their 
genetic constitution 

In addition Fi plants from the cross 63ZZZ were selt-pollinated 
and back crossed to White Burley 

In Table 2 are summarized the results of the greenhouse analysis 
of 12 Fi families, 10 of which were obtamed from self-pollinated plants 
of 63ZZZFi Of the 12 populations mvestigated, 10 were recessive 
deficient on the basis of IS 1 segregation, and m 4 of these cases the 
extent of the deviations was well beyond the Imiits of variability 
expected m random samplmg In the total of these populations 
invoh-mg more than 18,000 plants, the cumulative nature of recessive 
deficiencies in mdixudual populations is apparent 

T 2 — Greeiihouse counts on Little Dutch X White Burley (cross 63) and 
other green X ichite crosses, segregation in the F 2 generation 


Designa- 

tion 

i 

1 Prog- 
' enies ' 

1 


Plants 


De\ lation from 
15 1 ratio 

Dev 

P E 

Gieen 

W bite 


'Xiimber 

Xumber 

y umber 

Per cent^ 



. 12 

17, 5*13 

948 

5 1 

-210 8db22 2 

i 9 5 

224F2 

> 2 

1,397 

78 

5 3 

-14 2± 6 3 

1 2 3 

212Fj 

4 

1,680 

85 

4 8 

-25 3d= 6 8 

1 3 7 

mFi 

2 

921 1 

50 


-10 7± 5 1 

1 21 

1 


Fo distributions from three other green by white crosses are also 
shown in Table 2. Although the magnitude of the deviations from 
expectation m these populations is not large, the deviations are all in 
the same direction, as m cross 63 

The results of a small field planting of these F2S, for which data is 
not presented, further indicate that the factorial situation in the 
parents involved is similar to that in the Little Dutch X White Burley 
cross 

EVIDENCE FROM THE F 3 GENERATION 

Greenhouse tests of 108 F3 progenies from cross 63 resulted in the 
distribution with regard to segiegating and nonsegregating families 
shown in Table 3 


Table 3 — Greenhouse counts on 108 Fz progenies from cross 63 


Eatio 

1 All green 

! 

15 green 

1 white 

3 green 

1 white 

Observed 

! PiQ 

Q1 


E\peeted, on basis of dihj brid segregation. . 


ai 

28 8 

24 

28 8 


10215 75 
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Attention was next devoted to a senes ot controlled experiments in 
which counted numbers of seed were used and a special effort was 
made to keep the moisture content of the soil at the optimum for 
germination Smce, in transplantmg, only seedlmgs that had 
attamed a certain size were removed from the stock flats at a given 
time, record was kept of successive transplantmgs to give further 
check on the possibility of a differential growth rate between green 
and white seedlings 

The results of such an experiment are shown in Table 7, One 
thousand seeds of each of six progemes were sown on greenhouse 
flats, and all plants were tested The data show no evidence of 
differential growth rate between green and white seedhngs 

Table 7. — Greenhouse counts on F 2 , Fz, and back oossed F\ qf Little Dutch X Whtte 

Burley {cross 6S) 

{Analysis of successive transplantmgs from 1,000 seed sown on stock flats to show effect of selection in 
transplantmg on percentage of whites recovered from segregatmg progenies] 


_ _ _ 1 Trans- 


Plants 


Deviation from ratio 

Dev * 

rrogeny *no 

I 

piam- 

mgNo 

Green 

White 

indicated 

PB 1 

1 


Samber.Xnmber Per cent 



1 

f 1 

249 

21 1 

7 8 

4 1 from 15 1 

1 5 ' 

C63F2 

2 

1 3 

253 

23 ' 

8 3 

5 8 from 15 1 

2 1 1 

95 

6 ' 

5 9 

— 3 from 15 1 

^ i 

Total 1 


597 

50 

7 7 

9 6=b4 2 from 15 1 

2 3 , 

CC3Fi XWhite Bur- / 1 

ley t 2 

160 

47 

22 7 

—4 8 from 3 1 

1 1 

27 

5 

15 6 

—3 0 from 3 1 , 

1 7 > 

Total 1 


187 

52 

21 8 

—7 S=b4.6from 3 1 ' 

1 7 


f 1 

186 

53 

22 2 

—6 8 from 3 1 , 

1 5 , 

63-24 (Fs) ' 

1 2 

147 

39 

21 0 

—7 5 from 3 1 

1 9 ' 


148 

61 

29 2 

8 8 from 3 1 

2 1 

1 

1 4 

89 

29 

24 6 

— 5 from 3 1 , 

1 

Total ' 


570 

182 

24 2 

—6 0i:6 7 from 3 1 ! 

9 i 

1 

1 

191 

62 ' 

24 5 

— 3 from 3 1 1 

1 i 

63-26 

2 

161 

59 , 

26 8 

4 0 from 3 1 1 

9 i 


3 

43 

14 . 

24 6 

— 3 from 3 1 

1 ' 

Total 


395 

135 j 

25 5 

2 5±6 7 from 3 1 

4 


1 

262 

20 j 

7 1 

2 4 from 15 1 1 

9 . 

63-28 

2 

229 

19 

7 7 ' 

3 5 from 15 1 I 

1 8 

3 

141 1 

9 

6 0 

- 4 from 15 1 i 

► 2 

i 

4 

55 ' 

^ 1 

12 7 

4. 1 from 15 1 1 

3 1 , 

Total * 

— 

687 

56 ; 

7 5 

9 6zfc4 5 from 15 1 i 

2 1 1 

r 

1 

1 

175 

IS , 

9 3 , 

5 9 from 15 1 l 

2 6 , 

63-34.- ^ 

2 ' 

269 

29 , 

9 7 i 

10 4 from 15 1 , 

3 7 1 

3 ' 

235 

6 ' 

2 5 

~9 1 from 15 1 . 

3 6 1 


4 . 

39 

5 > 

1 

11 4 ^ 

2 3 from 15 1 I 

21 ; 

Total 1. 

1 


718 

58 1 

1 

7 5 

1 

9 5zfc4 6 from 15 1 1 

2 1 ' 


In the second part of this experiment, which was intended as a 
check on the soil tests, seed was germinated on moist filter paper in 
Petri dishes to give each seed the maximum chance to produce a 
plant. After 10 days, the very young seedlings were transferred to 
soil by removing the filter paper, placing it on a leveled flat, and 
covering it with a thin layer of finely sifted soil Since in the second 
week follo-^^g this transfer many seedlings died, this test can not be 
considered in the light of a check on the same progenies germinated 
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T* 4 BLE 5 — Greenhodse coanls on Little Butch X ^yh^ie Burley (cioss 63), segre- 
gation tn hack cross to White Burley oj F 2 green selections which, on self polhnahon, 
yielded F 3 progenies segregating for one andfoi two factors 


Designation 

Prog- 

enies 


Plants 

Ratio 

Deviation 

i 

1 

Dev 

P E 

, i 

Green * 

f WUite 1 


Xumberl Kumber 

Xumber Per eeni> 

1 

I 

1 ' 

63 F 2 XWB 

f IS 1 

5, SSo 

1, 779 23 2 ' 

3 1 

' -137 0±25 6 

! 5 4 1 

t 13 

1 

2,ros i 

1 2, uSS 48 9 , 

1 1 ' 

-60 0d=24 6 

! 1 


INVESTIGATION OF THE CAUSE OF THE RECESSIVE DEFICIENCY 
In an attempt to discover the factors responsible for the recessive 
deficiencies observed, and to determine if possible the stage at which 
recessives were discriminated against, the following investigations 
were undertaken. 

It was thought that certam phases of the greenhouse techmc might 
have influenced the percentage of whites recovered, particularly the 
discarding of plants remaimng in stock flats after transplanting 
This failure to test all the plants raised m stock flats was appreciable 
only in the first few months of the greenhouse tests, thereafter effort 
was made to sow a sufficiently smaU quantity of seed of each progeny 
to enable practically all the plants grown to be tested An analysis 
of the records for certain highly deficient progenies was made by 
separating the first and last half of the populations transplanted from 
stock flats for companson wdth regard to the percentage of recessives 
in each half. These data are presented m Table 6 and show no 
evidence of a differential growth rate between dommant green and 
recessive white seedlings It is, therefore, reasonable to assume that 
no great error was introduced m the few cases in which the surplus 
stock plants were not tested. 

Table 6 — Greenhouse counts on Little Butch X White Burley {cross 63) ^ showing 
effect of selection on percentage of whites recovered m successive transplantings of 
segregating progenies from stock flats 


' Fa PROGENIES RECESSIVE DEFICIENT FOR 3 1 RATIO 

Progeny 

Transplant- 


Plants 


Deviation 

Dev 

I No 

i 

edto- 

Green 

White 


! 63-22 

f Flats 1-8 
\ Flats 9-16 

XurnberlA'^umber 
767 1 194 

Per cent 
20 2 

-46 3± 9 1 

5 1 

774 

186 

19 4 

-54 0± 9 1 

5 9 

1 63-24 

/ Flats 1-4 

1 Flats 6-8 

331 

130 

28 2 

14 7± 6 3 

2 3 

391 

89 

18 5 

-31 0± 6 4 

4 8 

63-33 

/ Flats 1-3 

1 Flats 4-6 

730 

169 

18 8 

-55 8=b 8 8 

63 


691 

168 

19 6 

-46 8db 8 6 

5 4 

63-38 

/ Flats 1-1 

1 Flats 5-9 

966 

275 

22 2 

-35 3±10 3 

3 4 

1, 150 

341 

22 9 

-31 Sill 3 

2 8 

Fa PROGENIES DEFICIENT FOR 15 1 RATIO 


B63F2 

/ Flats 1-4 

1 Flats 5-8 

905 

41 

4 3 

-18 1±5 0 

3 6 

924 

40 

4 1 

-20 3=fc5 1 

4 0 

, H63Fs 

/ Flats 1-3 

1 Flats 4-6 

797 

28 

3 4 

-23 6±4 7 

5 0 

904 

45 

4 7 

-14 3±5 0 

2 9 

J63F2 

/ Flats 1-3 

1 Flats 4-5 

901 

40 

4 3 

-18 8±5 0 

3 S 

593 

24 

3 9 

-14 6±4 1 

3 6 

KeSFs 

/ Flats 1-3 

1 Flats 4-6 

913 

42 

44 

-17.7dbS 1 

3 5 

907 

42 

44 

-17 3i5 0 

3 5 
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That the peicentages? of white segregates ^vere not greatly affected, 
however, is shown hr a comparison of the totals of each group The 
irregulai behavior oi the indmdiial piogemes within the three gioups 
make any statistical mterpietation a difficult piocedure There 
was, how’ever, a slight mcrease m the percentages of recessives ob- 
tained as the thickness of sotvmg increased. 

The results of the Petri dish transfers are given in Table 10 With 
individual back crosses the full quota of recessives has been recovered 
in four cases out of seven, which is a noimal expectation. Although 
seedhng mortality m these transfers was again lather high, the re- 
sults, in comparison wuth those of the same progenies germinated m 
soil, indicate that the actual elimination of recessives takes place 
duimg germination, although the effect of the recessive genotype 
may be exerted to some extent eailier in the ontogeny of the seed. 

Tible 10 — Greenhouse coanis on Little Dutch / White Burley (cross 63), ichen 
500 seed of each bacL-crossed F 2 selection icere germinated in Pein dishes and 
then transferred to soil 


7 


Progenj No 


Gei mi- , 
nation 


Plants [ Plants 

survi'i-' 

mg 

' Green White 


Bevution 
from 1 1 
ratio 


Dev 
P E 


Per cent^Xumber Xumber Xiimber Per centi 


<)3-22XWliite Burlej 

37 

100 

5i 

47 

47 0 1 

- 3 ±3 4' 

0 9 

t»i-24XWhite Bui ley,.. 

67 

1 IbU 

St) 

SO 

50 0 

U ^ ' 1 


(>3-25XW^hit€ Burlev... 

7b 

Hi 

f.s 

b4 

AS 5 

-2 ±3 9 1 

5 

t)3-2bXW'bite Burle\ 

b') 


93 

95 

5U 5 

1 ±4 1 


b3-27XW hite Burle\ .. 

bo 


179 

Ihl 

W 3 ! 

1 ±b 4 1 

> 

t),i-47X'Wliite Burle\,.. 

bb 

40b , 

-U1 

205 1 

! '>0 5, 

2 ±6 b ' 


b3-^lXW’hite Bui lev..., 

73 

227 

llh 

1U9 

4h 0 1 

-4 5 :=5 1 1 

9 

Total ' 

71 i 

1,573 , 

792 

7hl 

49 7 1 

— ^ 5scl3 4 1 

4 


EFFECT OF WEIGHT OF SEED 

To test for the effect of the weight of the seed, seed of each of seven 
F3 families w'as separated mto two weight classes, heavy and light, 
and counted numbers of each were sown on soil and in Petri dishes 
After germmation the seedlings in Petn dishes w’ere transplanted 
individually to soil and grown to sufficient size for etiolation. Final 
counts on these transfers listed m Tables 11 and 12 show a small 
difference in the percentages of recessives recovered from heavy and 
light seed sown in soil, and a slightly smaller difference between these 
tw’o classes wuth the seed gennmated in Petri dishes Closer exami- 
nation of these tables reveals that two of the individual progenies, 
namely, 63-24 and 63-26, yielded a slight excess of recessives in three 
of the four tests They were recessive deficient 011I3’ in the test of 
light seed germmated m Petn dishes. 

Within the hunts of this experiment the behavior of these progenies 
IS charactenzed by a degree of consistency which, in comparison with 
earlier tests, seems too great to be attributed to chance alone 

By consulting the deviations observed with the Petri dish transfers 
in Table 12, it is found that the recessive deficiencies are distnbuted 
at random wuth regard to the germmation percentages of the progenies 
This is to be expected since m these tests comparatively weak seeds 
have a better chance to germinate How^ever, a similar comparison of 
the germination percentages in this table with the deviations observed 
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III -oil Xeverthelesb, the data shown in Table S are of interest be- 
cause of their clo «!0 agreement with theoretical expectation for the 
latios involved In view ol the rigorous treatment to which the 
plants weie subjected, such a result indicates that recessive elimina- 
tion must be sought for during germination or at some earlier stage 
in the life cycle 

T 4 BLE h — Greenhouse counts on Little Dutch X White Builey (ooss 6S), lohen 
jOO sted of each segregating piogenij were genmnated in Petn dishes and tians- 
Jtirtd to stnl 


Progeny No 

, Green 

Plants ] 

White 

1 

De\ lation from ratio 
indicated 

Dev 

P E 

Ot'sFiXV h’te Burlev 

1 ! 

XambcT XumbeP.Per centl 
Ssb ! 2S 24 6 1 

—0 5±3 1 from 3 1 

0 2 

63-22 

73 

24 

24 7 [ 

— 3±2 9 from 3 1 

1 

63-24 

76 

25 

24 3 

- 8d=3 0 from 3 1 

3 

63-26 

73 

27 

27 0 ' 

2 0=b2 9 from 3 1 1 

7 

Total - 

310 

104 

25 1 ' 

5±5 9from3 1 

1 

63-2«^ 

56 


67 1 

3d=l 3 from 15 1 

2 

63-34 

Zbi 

14 ' 

51 

-3 3±2 7 from 15 1 

1 2 

Total...- 

319 

18 ' 

1 

53 ; 

-3 1±3 0 from 15 1 

1 0 


THE EFFECT OF THICKNESS OF SOWING 

It seemed possible that the thickness of sowing might be one of 
the factors affecting the percentage of recessives germinating m 
hegregatmg populations. In another experiment, therefore, seed of 
seven back-crossed progenies was sown at three different rates in 
partitioned greenhouse flats Germmation tests on additional seed 
of these progenies were run in Petri dishes, and the resulting seedlings 
were transferred to soO by ‘^flooding off” with a fine-tipped wash 
bottle 

The results of the different rates of sowing in soil are presented in 
Table 9. It will be noted that the total number of plants yielded 
by the sowung on whole flats checks very closely with the total for 
the sowing on one-eighth flats, whereas from comparable seed sown 
on one-quarter flats only about half as many plants were obtained. 
Since the soil in these tests w^as thoroughly mixed before sterilization, 
this inconsistency is probably due to msufficient moisture dunng the 
crucial stages of germination, in spite of the care taW to prevent 
such an occurrence 

T^blb 9 — Greenhouse counts on Little Dutch X White Burley (cross 6S), showing 
effect of thickness of sowing on the green white ratio obtained with 3^500 seed of 
back-crossed Fi selections sown on different areas 


1 Designation 

1 

Area 

1 

Plants 

1 Deviation from 
i 1 1 ratio 

Dev 

sown 

Green 

White 

PE 

t 

1 

‘ 63F2XWB 1 

l^uare 
inches 
300 
; 75 

i 37 5 

1 

1 

'Number 
; 638 

{ 314 

1 606 

1 

Xumber Per cent 

601 48 5 

297 48 6 

637 51 2 

I 

-18 5±U 9 

1 -8 5± 8 3 

16 5=bll 9 

1 

1 6 

1 0 

1 3 
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it indicates that the different progenies contain vanable percentages 
of weak seed which germinate m Petri dishes but do not germinate so 
successfully in soil Evidently it is among the weaker seeds that 
recessive ehmination occurs 

There remain to be presented germination experiments with mix- 
tures of true-breeding green and white fanulies In the jSrst of these 
seed of Little Dutch, the green parent in cross 63, was mixed vith seed 
of 63-31, a White Burley type segregate from cross 63, and the imxture 
sown on soil in a greenhouse flat After the seedlings were transplanted 
and etiolated in the usual manner, the percentage of white plants 
resulting from the mixed sowing was compared with that expected, 
using separate soil-germination tests of the two component lines as a 
basis for calculation. As is apparent from the data in Table 13 the 
relative germination percentage of the recessive White Burley type 
seed was marked!}^ decreased by the conditions of mixed sowing. 

Table 13 — Greenhouse counts on a mixture of pure-line green and pure-line white 

seed soun in soil 


Designation ' 

Trans- 
planted 
to flat 
Xo 

Plants 

1 ' ! 

Per- Per- 
centage! centaee i 

Green 

IVhite 

green 
on basis 
of total 
plants 
ob- 
tained 

V hite 1 

plants 
ob- 
tained i 1 

1 Kmnher 

W-31 (^^hlte^.-, 1,000 

' Little Dutch . ' 1, 000 


Number 

0 

576 

Number Per cent 

RivR 


1 Per cent 

59 S 


0 

40 2 

......J I.:..,:::::::::: 




6.3-ai + Little 1,0004- 
' Dutch, . 1,000 

i ! 

1 144 

2 156 

3 88 

4 ; 111 

5 1 32 

165 1 53 4 

109 , 41 1 

! 153 1 63 5 

169 60 4 

1 21 39 6 


1 

1 

, 1 

1 

, Total 1 


531 

617 j 53 7 

46 3 

1 53 7 j “-6 1±0 870 1 7 0 

1 


« Expectation calculated on basis of respective germination of green and white checks sown separately 


To test this point further, green and white stocks were made up 
from seed of true-breeding F 3 progenies having germinative capacities 
more nearly equal, with the object of balancmg out any physiological 
weakness present in seed of a single family The composition of these 
stocks and their respective germination percentages in Petri dishes 
are given in Table 14 

Table 14 — Composition of green and white stocks and germination of constituent 

progenies in Petri dishes 


Designation of 
stock 

1 

Constituent 

progemes 

Germina- 
tion in 10 
da^s 

Average ' 
germina- 
tion ! 

1 


Per cent 

Percent \ 


( 63-30 

93 

1 

; Green A 

\ 63-32 

92 

\ 92 

1 j 

1 63-36 

1 90 

1 1 


{ 63-31 

1 97 

1 

■ White A > 

i 63-225 

1 92 

95 1 

1 1 

i 63-20 

, 96 

1 

i , 

1 A232-21 

85 

1 

White B 1 

\ A232-22 

95 ' 

} 89 ' 

1 

1 A232-23 

SS 

i 

1 
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ill tli6 soil t6sts shown in Table 11 leveals that in the light-seed class 
the two positive deviations were produced by 63—24 and 63—26, two 
proo’enies with germination percentages of 86 and 91 per cent, 
respectivelv Also, 63-61, the only other progeny whose light seed 
tested over 80 per cent in Petri dishes, has a negligible deviation in 
the soil test of — 0 5 

T\ble 11 —Greenhouse counts on Little Dutch X White Burley {aoss 6S), showing 
ike effect of Height of seed on the green white ratio obtained with 500 heavy and 
500 light seed of segregating Fz progenies sown on one greenhouse fiat 


Light or heav’y i Progeny 1 
seed ! No 

! i 


Plants 


Deviation 

Dev 

Green 

1 White 

! 

latio 

P E 


63-22 1 

Xiimber 

112 

Number 

32 

Per cent] 
22 2 

-4 0± 3 5 

1 1 

i 

63-24 1 

178 1 

1 61 

25 5 

1 3± 4 6 

3 


63-25 ' 

139 

' 34 

19 7 ' 

-9 3± 3 8 

2 4 

Light,..- ’■ 

63-26 

164 

1 57 

25 8 

1 8=h 4 3 

4 

G,i-27 ' 

179 

1 51 

22 2 

-6 5± 4 4 

1 5 

1 

63-47 1 

72 

1 n 

33 3 

-9 8± 2 7 

3 6 

I 

63-61 i 

230 


24 8 

- 5± 5 1 

1 

j 

Total... 

1,074 

' 322 

23 1 

-27 0±10 9 

2 5 


63-22 1 

132 

31 

19 0 

-9 8=b 3 7 

2 6 


63-24 1 

241 

88 

26 7 

5 8=b 5 3 

1 1 

1 

63-25 , 

245 

69 

22 0 

-9 5=b 5 2 

1 8 

' 1 

63-26 . 

186 

81 

30 3 

14 3=b 4 S 

3 0 

' Heav> j< 

63-27 ' 

184 

54 

22 7 

-6 5± 4 5 

1 2 

63-47 ' 

144 

40 

21 7 

-6 0± 4 0 

1 5 

i 

63-61 1 

223 

71 

24 1 

-2 5=b 6 0 ! 

5 

i 

.Total...' 

1,355 

1 

24 3 

-13 3±12 4 

1 1 


T^ble 12 — Greenhouse counts on Little Dutch X White Burley (cross 6S), showing 
the effect of weight of seed on the green white ratio obtained^ with 300 heavy and 
300 light seed of segregating progenies germinated in Petri dishes and then trans- 
ferred to soil 


Progenj 

' 

Light or 

1 

Aver- 

•ige 

germi- 

nation 

Seed- 

lings 

trans- 

ferred 

Seed- 

Imgs 

surviv- 

ing 

Plants 

Deviation 
from 3 1 
ratio 

Dev 

Xo 

heavy seed > 

Green 

White 

P B 


I 

Per cent, Number 

Number 

Number 

Number 

Per cent 



63-22 

I 

65 

197 

188 

140 

48 

25 5 

1 0± 4.0 

0 3 

' 63-24 

j 

86 ' 

258 

252 

192 

60 

23 8 

-3 0d= 4 6 

7 

' 63-25 

1 

It 

232 

219 

15S 

61 

27 9 

6 34= 4 3 

1 6 

63-26 

^ Light 

91 

274 

254 

194 

60 

23 6 

-3 54= 4 7 

7 

63-27 


58 

174 

169 

130 

39 

23 1 

-3 34= 3 8 

9 

' 63-47 


54 ' 

164 

160 

117 

43 

26 9 

3 0=b 3 7 

8 

1 63-61 


. 95 1 

287 

276 

216 

60 

21 7 

-9 04= 4 9 

1 8 

! Total.. 



1,686 

1,518 

1, 147 

371 

24 4 

; -8 64=11 4 

7 

' 63-22 

i 

97 

291 

291 

224 j 

67 

23 0 

-5 84= 6 0 

1 2 

63-24 


98 , 

305 

“305 

2^ 

77 

25 2 

84= 5 1 

2 

63-25 


97 

290 

259 

198 i 

61 

23 6 

-3 84= 4 7 

8 

1 63-26 

JHeavy 

99 

297 

297 

216 1 

81 

27 3 

6 84= 5 0 ' 

1 4 

' 63-27 

1 

97 ' 

290 

269 

211 1 

58 

21 6 

-9 34= 4 8 

1 9 

j 63—47 


97 

292 1 

265 

196 ! 

69 

26 0 

2 84= 4 8 

6 

, 63-61 

1 

97 ' 

292 ; 

1 279 

206 

73 : 

26 2 

3 34= 4 9 

7 

' Total.. 

r 

1 

2,057 , 

1,965 

1,479 

486 

24 7 1 

-5 34=13 0 

4 


« 310 seed instead of 300 used in this sample, 


It is evident that progenies ■with the lowest germination percentages 
in Petri dishes are most deficient in recessives The effect is somewhat 
less pronounced with the heavy seeds, but here 63-24 and 63-26 again 
produce a small excess of recessives This behavior is significant since 
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DISCUSSION 

Considering the whole of the data presented on segregation in 
¥ 2 , Fs, and back crosses of Fi, and Fo of Little Dutch X White Burley 
as well as the F 2 results of other green by white crosses, the genetic 
beha^dor of the White Burley character is best explained on the basis 
of duplicate factors which may be designated Gi gi Go gj Since Fo 
segiegation in several other green by white crosses closely parallels 
that observed in Little Dutch X White Burlej" it is probable that 
green and White Burley varieties commonly differ in these same two 
factor pairs 

On the basis of two independent duplicate Mendelian factors one 
would expect to recover in F 2 6 25 per cent of the recessive white 
genotype gi gi g^ g 2 Normally the deviations from this theoretical 
percentage should be equally distributed as to direction That this 
expectation is not realized with progenies of Little Dutch X White 
Burley is evident from a consideration of almost any table of field or 
greenhouse results presented The nature of the recessive deficien- 
cies IS clearly shown in Table 2 , wheie segregation in 12 F> families 
grown in the greenhouse is recorded ^ It is equally apparent m Table 
4 , where small individual deficiencies lead to a total deficiency" ol 
over eight times the piobable erroi 

That the recessive deficiencies are not caused by auxiliary genetic 
factors operating to modify the normal dihybrid ratio seems fairly 
(dear The similarity of reciprocal crosses and back crosses, and 
the contradictory behavior of certain F 2 and F 3 progenies m the 
field and m the greenhouse discourage attempts to account for the 
deficiencies on any such basis ^ Likewise, errors m classification and 
effect of selection m transplanting may be ruled out 

Since no deficiency of recessives was observed in the Petri dish 
transfers of several experiments, the actual elimination of recessives 
seems to occur dunng germination in soil. In this connection atten- 
tion IS again called to the physiological nature of the seed used in 
these experiments F 3 progenies have been shown to contain variable 
amounts of seed which will germmate in Petn dishes but not in soil 
Furthermore, seed of high germination percentage in the Petri dish 
experiments yielded recessives m expected numbers, whereas seed of 
low germination percentage did not Differential zygotic viability, 
therefore, between dominant green and recessive white seems to be 
the most logical explanation of the recessive deficient ratios observed 
On this basis one would expect a progressive increase m the degree of 
recessive deficiency between sowings m Petri dishes, in greenhouse 
flats, and in exposed seed beds as the control of optimum conditions 
for germination is relaxed. Such an increase has been observed 

The work of Allard (1) on the aurea character in Nicot%ana rushca 
is interestmg m this connection Segregation in the F 2 generation of 
a green by aurea cross involving a total of 25,000 plants yielded 6,079 
aureas, or 24.31 per cent This total is apparently a summation of 
13 separate F 2 plantings, 1 1 of which showed small recessive deficien- 
cies. The minus deviation from expected numbers m this total, how- 
ever, IS about 3 7 times its probable error The total of the segregatmg 
F 3 families and of the Fi back crossed to white-stemmed aurea also show 
small deficiencies in the recessive class. Appearance of chlorophyll- 
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Seed of the three stocks was sown separately and in mixtures at 
tlifferent rate? on greenhouse flat's The results of this sowing, shown 
in Table 15, are somewhat contradictory The green A stock yielded 
a significtmtlv greater number of plants from 600 seeds sown on one- 
quarter flat than from an equal number of seeds sown on a whole flat, 
while the reverse is true of the white A and white B stocks The low 
actual yield of plants in thib particular test suggests the operation of 
^ome uncontrolled en^uronmental factor during germination, an 
opinion supported by repetition of the check sowings at different 
rates as shown in the lower part of Table 16 Additional evidence 
that crow’ded sowung induces a higher \ueld of plants is also presented 
in Table 16 In this ease the constituent piogenies of the three stocks 
were tested separately and showed consistent increases in the number 
of plants obtained at the thicker sowing A comparison of these data 
with those of the Petri dish germination tests shown m Table 14 
reveals a congruity of beha^nor on the part of the stocks and their 
eon'^tituent progenies under the twm conditions There is no G\udence 
in these te^ts that crowded sowing in soil lesiilts in disci immation 
against the lecessive genotype 

Tvble 1 ” — (hrcnhfhfse avails jinrlnKh, of qrtpn ami whilv slocks sonni im 

tififoeni atrns in soil 





Plants 


Plants 


M-nl sttwn 

Area ^o\\ u 

ob- 


— -- 




t^lned 

Gicoii 

W hite 


Xuntbfr 


Xumber 

Xumber Kumbe^ Percent 

Oiepn-A 

m 

1 flat 

145 





White- 1 

600 

...do 

. 273 

' i 

White~B 

600 

do. 

, 236 

I 

Green- A 

600 

U flat 

242 

1 ' 

W hite-A 

‘00 

do 

146 

1 

W hife-B 

600 

On 

12S 

1 

Gre3n-A+ white- A,_ . 

... 600^600 

1 flat 


260 

232 1 47 2 

Green-A-h'^ hite-B... 

... 6(KH-600 

--.do 


117 

172 59 5 

Green-A-i-vv h’te- 

... eoo-fboo 

i H flat 


161 

161 50 0 

Green-A+white-B . . 

.. 600-KI0O 

L-do 


145 

142 40 5 
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Experiments "svith heavy and with light seed germinated m soil and 
in Petri dishes demonstrate that segregating progenies normally 
contain variable amounts of weak seed, which will germinate in 
Petri dishes but not in soil Elimination of recessives in these 
experiments tends to decrease with an increase in relative viability 
of the light seed 

A differential viabihtv between dominant green and recessive 
white genotypes is therefore apparently responsible for the recessive 
deficiencies observed. 
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rleSeient reeessives in less than expected numbers, therefore, seems to 
be characteristic of tins species of Nicotiana as ^rell 

Similar phenomena have been reported by other investigators, 
particularlv vrith maize, where the existence of many recessive abnor- 
mahties has been established Lmdstrom (7) studied a number of 
lecessive chlorophyll modifications affectmg the mature corn plant 
In populations segregating for these characters slight recessive 
deficiencies were regularly encountered 

In tobacco it is probable that the degree of recessive deficiency is 
matenaUv influenced bv environmental conditions during seed 
development It is conceivable that back-crossed seed involving the 
matiiiation of only a few capsules per plant would be physiologically 
stronger than self-fertilized seed from a plant maturing many capsules 
Certain of the results obtained with self-fertilized and back-crossed 
seed of the same progenies might be explained on this basis 

SUMMARY 

The inheritance of the chlorophyll-deficient White Burley character 
m crosses of White Burlev with normal green tobaccos has been 
studied in field plantmgs, in greenhouse plantings, and m transfers 
to soil of seed germinated m Petri dishes A special technic for the 
identification of this character^ in greenhouse seedlings has been 
developed and w^as employed in the classification of segregating 
progenies 

Data from the Fi, Fo, and F3 generations and from back crosses of 
Fi and F2 show that duphcate genes designated Gi and G2 are mvolved 
in the production of the normal green color of the plant Their 
recessive allelomorphs gi and ^2 are both essential to the White Burley 
genotype Fi plants are fuUy green, and segregation in F2 is accord- 
ingly 15 green: 1 white In F3 true-breeding green and true-breeding 
white progenies were recovered as well as families segregating for one 
and for twm factors 

Large recessive deficiencies m field plantmgs, and smaller but 
equally distinct recessive deficiencies m greenhouse plantmgs were 
observed in all segregating generations Evidence from successive 
greenhouse transplantings, and data from experiments involving 
counted numbers of seed show that selection from field seed beds 
and from greenhouse stock flats is not responsible for these deficiencies 

Experiments with counted numbers of seeds show that crowded 
sowing does not cause the elimination of reeessives since frequently 
increases in the percentage of germination paralleled by slight increases 
in percentage of reeessives recovered were obtained with thickly sown 
seed 

Evidence that environmental and not genetic factors are concerned 
in the nonappearance of reeessives in expected numbers is fourfold: 
(1) No sigmficant differences are observed in the F2 of reciprocal 
crosses and in reciprocal back crosses of the green Fi to White Burley; 
(2 the differences between field and greenhouse results are most 
logically explained on the basis of nongenetic influence; (3) certain F3 
progenies produce an excess of reeessives in some greenhouse experi- 
ments and a deficiency in others; and (4) m some Petri dish transfers 
normal expectation for reeessives is realized 



AN ADDITIONAL PAIR OF FACTORS AFFECTING 
ANTHOCYANIN PIGMENT IN MAIZE ^ 


By Meble T Jenkins 

Associate Agronomist^ Division of Cereal Crops and Diseases j Biaeaii of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

This paper reports a new gene affecting the production of antho- 
cyanin pigment in maize (Zea mays L.) This gene is so smular in 
its action, both m aleurone and in plant color, to the factor pair 
reported by Emerson^ in 1918 that it has been called -4:02 It is 
suggested that the Aa factor pair isolated by Emerson be designated 
Aia\. 

MATERIAL 

The factoi pair was obtained from lodeiit corn, a stiam of 
Reid Yellow dent developed at the Iowa Agricultural Experiment 
Station ® The oiigmal progeny heterozygous for ^0^2 also was 
heterozygous for the chlorophyll defect, 103 ap In fact, the material 
was being used for a study of this chlorophyll defect, and the presence 
of ^2 was not suspected until peculiar ratios of aleurone colors were 
obtained. Many of the data presented in this paper have come from 
the Fi, F2, and later generations of an mdividual cross between the a2 
stock and an Ai tester for aleurone color which was homozygous for 
brown plant color The genetic composition of this cross was as fol- 
lows: 

GiUi x42^2 CG RR BB pi pi f p X AjAi ^ 2^2 cc rr bb pi pi P^^ P^^ 

This cross will be referred to throughout as the original Fi cross 
INTERACTION OF As WITH ALEURONE GENES Ai, C, AND R 

Aleurone color m maize is dependent upon the presence of the 
dominant allelomorphs of the three complementary pairs of genes 
AiUi, Cc, and Rr and the duplex recessive condition of the inhibitor, 
IL The interactions of these genes are so familiar to every student 
of maize genetics that they need not be reviewed here In its effect 
on aleurone color the new’ gene, A>, is complementary to the three 
complementary genes mentioned above. 

Fifty-five of the plants of the original Fi cross w^ere self-pollinated 
and yielded F2 progenies Twenty-four of these progenies segregated 
for aleurone color in the proportion of 27 colored to 37 colorless, and 

1 Received for publication Nov 2, 1931, issued May, 1932 The data on vhieh this paper is based 
come from the com-improvement project conducted <K>operatively by the Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, U S Department of Agriculture, and the Farm Crops Section of the 
Iowa Agricultural Experiment Station 

2 Emebson, R a a fifth paib of factoks, Aa, for aleurone color in muze, and its relation to 
THE Cc AND RR PAIRS N. Y Comell Agr Expt Sta Mem 16, p 227-289, illus 1918 

3 The writer is informed by G. W Beadle, of the New York State College of Agriculture, Ithaca, N Y , 
that he isolated 02 from some Argentine flmt com collected by F D. Richey and R A Emerson at Casilda , 
Argentina 
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A summary of the dihybnd segregations among these F4 progenies 
which involved ^12^2 and each of the other complementary factors for 
aleurone color is recorded m Table 4. 

T^ble 4 — Summary of Fi dihyhrid segregations involving and each of the 
other complementary genes for aleurone color 


' Xum- 

Genes heterozygous 1 pmg-^ 

' ernes 

i 

Observed ' Expected 

, ' Dev 

Colored | Colorless Colored > Colorless ! ^ 

^202 and *4iai | 20 

AsasandCc 7 

^202 and Rt i 9 

1 

4,339 3,481 j 4,399 , 3,421 | 2 0 

1,379 1 1,061' 1,373 1,067 .4 

1,618 1,290 1,636 1,272, 1 0 


j L 


Frequency distributions of the aleurone color segregations ob- 
tained in the F2, F3, and F4 progenies, summarized in Tables 2 and 3, 



COLORLESS INDIVIDUALS (PER CENT) 


Figure 1 —Frequency distributions of aleurone color A, F 2 progenies, B, Fa progenies from 
plants produced by colored seeds of 81 175 progemes from A, C, D, and E, F 4 progenies from 
plants produced by the colored seeds of 9 7 progenies from B C is from the 9 7 progenies 
heterozygous for Aici and . 4202 , D from those heterozygous for Aaos and Cc, and E from those 
heterozygous for and Rr 

are shown in Figure 1 It will be seen that there was some over- 
lapping of the dSferent kinds of ratios. This oyerlappmg, however, 
does not appear to be of sufficient extent to discredit the progeny 
classifications presented in Tables 2 and 3. 

The data presented in this section indicate that A 2 is complemen- 
tary to JLi, 0, and B m the production of aleurone color. They also 
indiicate that ^2 is mhented independently of these^ three genes. 
More complete proof, however, that A^ is not linked in inheritance 
with Aiy G, or R is presented in the section on linkage. 
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INTERACTION OF A, WITH PERICARP GENE P"- 

The interaction of factors in the production of the red series of 
pericarp colois has been shown by Emerson ^ and by Anderson and 
Emerson ^ to be as follows . 

Ai P=red. 
fli P= brown, 

Ai p= colorless, 
fli p= colorless. 

The original Fi cross was heterozygous for P*®’’ (white pencarp, red 
cob) and ^ The presence of brown plants with, red cobs in the F> 
progemes segregating for A2a2 indicated that recessive must not 
affect pericarp and cob color m the same manner as recessive ai 
The F2 distributions obtained, however, were not in agreement with 
those expected on the assumption that A2a2 had no influence whatever 
upon cob color An excess of brown plants with brown cobs was 
obtained w^hich could not be accounted foi During the past season 
several progemes were grown which were segregating for ^2^2 and 
P“'’ p and were homozygous for AAi Only red and white cobs were 
expected m these progemes The unexpected occurrence of bro\\m 
plants with brown cobs led to a more careful examination of the 
colored portions of these cobs. It developed that the color in these 
exceptional cobs was due to brown color located in the horny basal 
portion of the lower glumes and that the than upper glumes or chaff 
were white. 

In the mature pistillate spikelet of maize the low^er (empty) glumes 
are thick and horny one-half to three-quarters of the distance from 
base to tip They usually have thin membranous margins varying 
greatly in width. The upper glumes (lemmas and paleas) are thin 
and membranous. 

The color produced by the pericarp gene P^^ appears to be confined 
to the thin upper glumes and to the thm margins of the low'er glumes 
The color of these parts wall be referred to as upper glume or chaff 
color. 

The color of the horny portions of the low^er glumes (which will be 
termed lower glume color) is associated with plant color. In the cul- 
tures used m this study the basic color of the low’er glumes on the 
ears of dilute sun red plants w-as light yellow or straw color. The 
color of these glumes was modified by the plant color factors and w^as 
correlated with plant color as follows. 

Plant color Lower glume color 

Purple = purple 
Sun red —straw 

Dilute purple— straw, occasionally showing considerable purple. 

DUute sun red = straw 
Brown = brown. 

Green = straw. 

These colors doubtless vary somew’hat in intensity in different cul- 
tures. Purple and dilute purple plants from different cultures show- 
considerable variation in the amoimt of purple in the lower glumes, 
and brown plants in the amount of brown color Theie also is much 
difference in the size of both upper and lower glumes in different cul- 


s Emeeson, E a Op cit (Soe footnote 4 ) 

6 ANDERSON, E G , and Emerson, R A pericarp studies in maize i the inheritance of 
PERICARP COLORS Genetics 8 {466]-476 1923 
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INTERACTION OF A, WITH PLANT COLOR GENES Ai, B, AND PI 

The mteraetioii of the .li, B, and PI factors has been repoited by 
Eineifc.ini (1921 ) Gene A2 is complementarr to Ai m its action upon 
plant color as well as m its action upon aleuroiie color The Fi plants 
of the original pie%nously mentioned cross, which weie heterozygous 
for weie of the constitution aiA2 C R B PI AiQo c r b pi. The 
F 2 prosrenies contained seedlings vath red and with green stems in the 
ratio of 9 red to 7 green Six ¥2 progemes were grown to maturity 
The Fa plant color segregations obtamed and those expected on the 
assimiption that A2 is complementary to Ai are indicated m Table 5. 

Table 5 — Fg plant color segregations 


Genotypes 

Phenotypes 

Observed 

Expected 

Deviation 

Composition 

j Number 

.L A^ n PI 


Purple 

306 

306 

0 


: ' 27 

SunTed 

100 

102 

-2 

.h A} b PI - 

27 

Dilute purple 

93 

102 


A^bpl - 

.. 1 9 

Dilute sun red 

26 

34 

-8 

.4i afB PI - 

27 





a A B PI 

— 1 27 

^Brown 

255 

238 

+ 17 

a, m B PI 




Ai <22 b Pi.... - 






Ai b PI 

9 



1 


Aia^ B pi 

9 



j 


Ai B pi 

9 





li 02 b pL... 

3 

Green 

187 

185 

+2 

1 

Oi As bpl 

3 




oi ag Bpl 

...1 3 





Oi 02 6 Pt 

— i 3 




1 

i 

ai as b pi 

...! 1 




j 

Total 

..J 256 


967 

967 

1 0 


x2*3 98 P»0 5+ 


The greatest differences between the observed and expected num- 
bers occm* m the dilute purple, dilute sun red, and brown classes. 
The differences suggest a loose linkage, in the couphng phase, between 
Ay and B 

F3 progenies were grown from a number of self-polhnated F2 plants. 
A summary of the F3 plant color segregations in the progenies from 
some of the F2 plants heterozygous for ^2^2 is recorded in Table 6 
All of these segregations are m agreement vath the hypothesis that 
A2a2 is complementary to AiUi m its action on plant color 


Table 6 — Data on the plant color segregations in Fz progemes from F2 plants which 
were heterozygous for A2O2 


Group 


1 Ml 4 i). 


t(Ai ai). 


Genetic composition 


Pedigree 


AiAi Am BB Pt PL. 

Expected 

^4202 BB PI pL. 

Expected 

.ii 4i ^202 Bb PI PL. 

Expected 

.4i.4i ^202 bb PI pi 

Expected 

*4iai .;42a2 BB PI pL.. 

Expected 

Am Bb PI PL.. 

Expected 

*4iai Bb pi pi 

Expected 

^lOi .4202 Bbpipi 

Expected 


pie 


5710 1 


570b 


5714 ' 


5722d8 


42 ] 
4b 
40 ; 
:ib 
41 , 
38 ' 


5090<14 ; 


6b96 


575o“L 


49 
49 
22 
23 ! 


5702 L 


1 


Dilute 

purple 

Dilute 
sun red 






1 

i 1 

12 1 . 1 

13 

65 

67 


18 

22 





Brown 


Green 


29 
38 i 
22 
18 I 


Total 


61 

61 

63 

64 
68 
68 

no 

119 

115 

11b 

55 

55 

55 

55 

65 
55 


* EM^SON, K A THE GENETIC EELXTIONS OF PLANT COLORS IN MAIZE 
Man m, 1-156 pp , lUus 1921 


N y Cornell Agr. Expt. Sta 
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A summary of the factorial relations of Ai, A2, and in regard 
to upper glume color is as follows: 


Ai A2 
Ai 02 
ai A2 P^^l 

^wrj 


red 

brown 


ai 02 P^ . 

Ai A2 pi 

S [white or colorless 
di ^2 P 
Oi 02 pj 


Data supporting the foregoing relationship were obtained from some 
of the F3 progenies A summary of the data from two progenies 
segregating for these three factors is recorded m Table 8 The 
observed and expected numbers are not in very good agreement, but 
all of the expected classes are present 


Table 8 — Data on two progenies hy selj-ferhhzaiion from plants of the composiiion 

AiOi A >02 P^ p 


1 

i 

Colored plants 

Green plants (ai A 2 , 4Li as, 1 


! 

(-4i.42) 


and Hi 02 ) 



Item 

1 

Red chaff 

White 

Red chaff 

Brown 
' chaff 
, (P^^) 

White ! 

Total 


(p«r) 

! 

chaff (p) 

(P.rr) 

! 

chaff ip) 1 


Observed 

1 

30 

20 i 

i 13 

; 23 

” 1 

98 

Expected 

i 39 2 

13 1 

‘ 13 1 

1 17 4 

10 2 

93 

Deviation 

! -9 2 

1 

+6 9 

! - 1 

; +5 6 

-3 2 j 

0 


x*«8 69 P-=between 0 05 and 0 10 


Table 9 — Data on a progeny hy self -fertilization from a plant of the composition 

AiOt Ai^2 P“' P^^ 


Item 


-4i A2 
(red 
chafl) “ 


Ai az 
(red 
chafi) 


' ai -4a , 

I and at dz i 
(brown 
I chaff) 


Total 


Observed I 25 I 10 i 12 ! 47 

Expected - 27 j 9 j 12 48 

Deviation — 2 [ +1 ' -0 i — 1 

' I ' 


“ Also includes the purple plants with purple chaff 


A single Fa progeny was obtained which was segregating for AiOi 
A^cb^ and was homozygous A summary of the data from this 

progeny IS recorded in Table i 9. The agreement between the ob- 
served and expected numbers is very close in this case. 

LINKAGE RELATIONS OF Agaa 

Crosses have been made between and genes from 7 of the 10 
linkage groups in maize. The hnkage data from these crosses are 
summarized in Table 10. 

Recombination values approximating 50 per cent were obtained 
between and all the factors with which it has been crossed except 
B, From the back-cross data on 02 and P, crossover percentages of 
from 35 5 to 40 2 per cent may be computed, depenmng upon the 
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tures and consequently m their relative importance in deterimmng 
the superficial color of the cob. 

The basic colors of the upper glumes in the material studied were 
red and white These colors were modified considerably on purple, 
dilute purple, and brovrn plants by the extension of purple and brown 
pigment into them In the material used no difficulty was experi- 
enced, however, m determming whether their basic color was red or 
white, except m a few of the purple plants 

Gene ao, unhke gene has no influence upon the upper glume 
color produced by the pericarp gene P. It influences lower glume 
color, however, m a manner exactly similar to ax On a brown plant 
with a red cob (Ax ai B PI therefore, the horny portions of the 
empty glumes were brown and the flowering glumes were red. The 
thin margms of the empty glumes were difficult to classify, but they 
appeared to be red sinular to the flowering glumes. 

A summary of the factorial relations of as and p in relation to 
upper glume or chaflP color is as follows: 

A2 P«'’'=red chaff 
02 P®’'=red chaff 
A2 white chaff. 

02 white chaff. 

Table 7 gives the data on four back-cross progenies which bear 
out this relationship Inasmuch as these piogemes also were back 
crosses for PI pi, and as unfortunately the upper glume color of some of 
the purple plants could not be defimtely established, it w^as necessary 
to group all the purple plants into one class 


Table 7 — Data on progemes of the hack cross p 


Pedigree No 

i 

j 

Purple 
plants 1 

j plants 

Brown plants 
(fl2) 

Green plants 
(aO 

U 2 ) 

pwr 

1 

P 

p»r 

P 

pier 

P 

7848 

20 

14 

s 

4 

6 ^ 

8 

9 

7849 

11 

10 

9 

6 

12 

8 

11 

7850 

20 

15 

10 

9 

11 1 

6 

14 


14 

13 

13 

8 

6 

8 

4 

Total 

65 

52 

40 

27 

35 

1 30 

38 

Expected 

72 

36 

36 

36 

36 

36 

36 

Deviation 

—7 

i 

+16 

+4 

-9 


-6 

1 ! 

+2 


11 62 Ps= between 0 05 and 0 10. 


Among the F 3 progenies grown there were a few that were homo- 
zygous P”' P“’' jLiAi and that were demonstrated by appropriate 
tests to be segregating for AsOa- All the plants in these progenies had 
red upper glumes on their cobs (with the exception, of course, of the 
purple plants, which had considerable purple pigment in these parts). 
These segregations support the assumption that the upper glume 
color of 02 P'"' plants is red. 
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By H A Bokthtmck 

Asstsfani Botanist j Cahfonna Agncultural Experiment Station 
INTRODUCTION 

In the course of some germination studies of baby Lima beans, 
certain lots were found to produce rather high percentages of defective 
seedhngs The defects were of several different types, more than one 
of which frequently occurred in a single seedling Of these various 
types of injury, one of the most conspicuous m the field when the 
beans are coming up is baldhead (fig 2, D), a condition in which the 
stem growing pomt and the first true leaves of the plant are missing. 
Harter/ in a rather thorough study of the causes of this condition in 
many varieties of beans, found that, while insects and bacteria are 
partly responsible for the trouble, by far the greater amount is caused 
by the threshing machine He also found that varieties differ con- 
siderably in the degree to which they may be injured by the thresher, 
Lima beans being rather susceptible. Harter did not mention any 
type of machine mjury, however, other than baldhead This paper 
will, therefore, describe in some detail these other t3rpes of thresher 
injury found in Lima beans. 

TYPES OF INJURY 

A study of many hundreds of baby Lima bean seedlings from 
machine-threshed seed shows that practically every part of the embryo 
is susceptible to some kind of thresher injury. In the following para- 
graphs, the various types of injuries are grouped according to the part 
of the plant affected 

INJURIES TO COTYLEDONS 

Detachment of the cotyledons is one of the most common injuries 
One cotyledon may be broken at its point of attachment to the stem, 
the other functioning normally (fig 1, B), or both cotyledons may be 
absent although the plumule is uninjured (fig. 2, B and C) In either 
event, growth of the seedhngs is retarded, although the retardation 
IS much more pronounced in the latter than in the former case. 

In many cases the cotyledon is not broken completely from the 
plant, but remams attached by a small area of tissue. Callus tissue 
develops at the broken surfaces, and not infrequently adventitious 
roots arise from this callused area of the cotyledon. In several cases 
cotyledons which had been broken off completely were found to have 
produced callus tissue and adventitious roots at their injm’ed surfaces 
(Fig. 3, B and C.) One cotyledon of this type was transplanted to a 
pot and grown for a few weeks. Durmg this time the cotyledonary 
bud, which apparently in this case was broken off with the cotyledon, 
produced a branch an inch or more long, the roots made a vigorous 
growth, and the cotyledon was almost completely absorbed. 


1 Received for publication Oct 6, 1931, issued May, 1932 

2 Harter, L L thresher injury a cause op baldhead in beans. Jour Agr Research 40 371-384, 
illus 1930 
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used The value of 37 2 :n 3 2 was computed from the first 
two classes (10110 U 2 has boon crossed with /(/, and the siiiall 
aiiieuiit ot Fj data available indicate 55 i 4 6 per cent of recoiubiiia- 
tions ThtNo" data come lioin thiee small progenies which, liecause of 
the extremely diy reason ot 1930, were all that weie obtained ^ 

Table 10 — Recombiuatiou percentages of az with the genes with which it has been 

crossed 


' Lmk- 

age 

y I pha^e “ 


Recombi 

nations 


^ The symbols m this column have the followmg significance C=»coupling, JRerepulsion, jBc=back- 
cross progenies, and Fa^progemes bj, self-fertilization 
^ Inasmuch as the recombination percentages m these distributions are computed from half of the total 
number of mdividuals their probable errors also are based on the smaller numbers 
‘ also segregating 

SUMMARY 


A second pair of genes, A2O2, a,ffectmg anthocyanin pigment in 
maize has been isolated and its relation to some of the other aleurone 
and plant color genes studied 

The new factor pair is complementary to the Aid], Cc, and Rr pairs 
m the production of aleurone color 

It is complementary to AjOi m the production of plant color. 

It differs from the Aidi pair only m that it has no influence upon 
the color produced by the pericarp gene P. 

Cob color appears to be dependent upon the color of two distinct 
parts of the cob, the lower glumes and the upper glumes. 

The color of the lower glumes appeai-s to be controlled by the plant 
color genes and not influenced by the pencarp gene, P The color 
of the thin upper glumes or chaff is influenced by P, and it is the color 
of these parts that is not influenced by 0.202- 

' Lmkage tests eondoeteil smee thjs was wntten of <ij with Ig, gk, and si indicate that as is not in this group 



Mar 15 1932 


Thresher Injury in Baby Lima Beans 


505 


soon replace it (fig 3, D), the growth of the seedling is retarded in 
consequence of the injury. Damage to the radicle usually results 
in pronounced curvature near the point of injury. (Fig. 4, C, D, 
and E ) 

A break m the hypocotyl frequently occurs just below the cotyle- 
dons, as in Figure 4, A and B In this event the cotyledons remain 
below ground, while the first vegetative leaves reach the surface as 
a result of the elongation of the epicotyl In these cases, adventitious 
roots also arise from the injured surface of the hypocotyl Such seed- 
lings are slow in coming up, and growers very often believe that they 
are from seeds which failed to get wet at the first irrigation 

A more common type of injury to the hypocotyl or root is one in 
which the fracture does not extend completely across vKFig 2, A, C, 
and D ) In a very large percentage of cases m which ,the hypocotyl 



Figcre 2 — Lima bean seedlings showing vanous types of injury A, Crack m the hypocotyl, 

B, both cotyledons and the radicle missing, C, both cotyledons missing, and hypocotyl cracked, 

D, baldhead bean with cracked hypocotyl 

IS injured in this manner, the injury is on the side of the hypocotyl 
away from the seed coat This condition is well shown m Figure 2, 
A, and also in Figure 5. The explanation of this phenomenon ap- 
pears to be connected with the way in which the hypocotyl and root 
are supported m the seed. The root tip is completely enveloped by 
seed-coat tissue adjacent to the micropyle, which gives it rather rigid 
support, while the opposite end of the hypocotyl is supported by its 
attachment to the cotyledons The middle part of the hypocotyl in 
a baby Lima bean lies along the edge of the bean, adjacent to the 
crack between the two cotyledons Although it usually lies against 
the cotyledons, it is not very firmly supported b;^ them. As this axis 
is well supported at each end and not in the middle, a blow on the 
hypocotyl, such as might be delivered by a cylinder tooth in a thresh- 
ing machine, might reasonably be expected to result in a bending of 
this structure inward at that point and in the opening of a crack on 
the side of the hypocotyl opposite that which received the impact. 
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Sometimes the fracture is of such a nature that, while the cotyledon 
still remams attached to the plant, its position with respect to the 
other cotyledon is altered Such a situation is shown in Figures 1, 
A, and 4, C. One notes m the former case that the upper cotyledon, 
which is in its normal position, appears to be somewhat withered, 
while the lower one is stdl plump In the latter case the opposite 
condition occurs, the upper cotyledon havmg been displaced A 
break m the vascular connection of the plump cotyledon in each case 
probably explains why it has not lost its food reserve so rapidly as 
has the other one. Similar evidence appears m Figure 4, D, where a 



IiutBE 1 — Lima beau seedlings showing injury to the cot\ledons A, Cotjledons at different 
levels as a result of injury near their point of attachment, the upper cotyledon being in its normal 
position, B, seedling with one cotyledon missmg 

cotyledon is shown with a crack crossing it transversely Although 
the outer end is still attached, its food reserve has not been used as 
has that of the low^er part of the cotyledon. 

INJURIES TO HYPOCOTYL AND RADICLE 

Besides the various injuries to the cotyledons just described, the 
hypocotyl and radicle are also subject to injury. Complete loss of 
the radicle is of comparatively frequent occurrence. (Fig. 4, C, D, 
and E.) In these cases the lower end of the hypocotyl calluses over 
and gives rise to adventitious roots The radicle is occasionally 
found still attached to the lower end of the hypocotyl but injured to 
such an extent that it fails to grow. Although adventitious roots 
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Figukb 4 — Iniunes to hypocotyl and radicle A and B, Hypocotyl broken off at point of 
att achment of cotyledons, the hypocotyl and radicle being still present but not function- 
ing in A, 0, baldhead seedling with cotyledons at dilferent elevations as aresult of injury 
and with radicle missing, D, seedling with a fracture m one cotyledon, a crack across the 
hypocotyl, and the radicle missing, E, seedling with an injury to the hypocotyl near 
point of attachment of cotyledons, atransverse crack near thelower end of the hypocotyl, 
and radicle missing. Note the formation of adventition<i at # — 
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Injuries of the type just described arc not so serious in their subse- 
quent effect on the plant as arc some of the others mentioned pi'c- 
viously In /most cases healing of these cracks m the hypocolyl 
begins very shortly after the bean commences to germinate, and, by 
the time the plant has two fully formed true leaves, the wound is 




PiGUEE 3 — Luna bean seedlings showing various types of injury A, 
Cracked hypocotyls showing healing of the injury, B and 0, de- 
tached cotyledon which has produced adventitious root from the 
wounded surface, D, seedling with injured radicle on which adven- 
titious roots are being produced at the injured surface 


completely healed. Early stages of such mjuries are shown in Figure 
5 These two embryos were taken from beans which had been 
soaked overnight. In later stages there is usually a sharp bend at 
the position of the injury, with an area of cork tissue forming a scar 
over the wound (Fig. 3, A.) 
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beans were germinated m soil flats m the manner already described. 
While a few cases of baldhead and of loss of cotyledons were observed, 
not a single seedling showed any injury to the hypocotyl or radicle 

In orilcr further to establish the fact that the abnormalities found 
in bean seedlings were the result of rough treatment of the seed 
iluring threshing, attempts were made to produce the same effects 
ai’tificially For this work samples of hand- threshed beans were 
subjected to various typos of mechamcal injury. The beans of one 
lot wore placed flat on the table and pressed until they could be 
heard to crack. In most cases no external mjury to the seed coat 
was evident as a result of this treatment The beans of another lot 
wore placed on end in a small depression in a board, with the hilum 
directed to the front and the micropyle above Each bean was then 
hit a sharp blow directly over the radicle and hypocotyl by the re- 
lease of a steel sprmg The beans 
were caught on cloth to prevent a 
second shock Slight external in- 
juiy resulted from this treatment 
The beans showing injury to the 
seed coat were planted separately 
from the othem. 

These two lots of injured beans 
were germinated along with a lot 
of uninjured hand-shelled material 
The uninjured seed produced nor- 
mal seedlings except for a few cases 
of baldhead and loss of cotyledons 
The seeds which had been subjected 
to pressure produced seedlings with 
a voiy high percentage of cracked 
and missing cotyledons, but practi- 
cally no seedlings with injured hypo- 
cotyls or radicles. In the beans 
which were hit with the steel spring, 
there was a high percentage of injury 
to the hypocotyl or radicle No 
significant difference appeared in 
this lot, however, between beans 
with external mjuiyand those with- 
out A few showed injuries to the hypocotyl similar to those of 
Figure 5, although in most cases the mjury was so severe that the 
radicle and sometimes a part of the hypocotyl also were completely 
lost In this lot of seedlings over 40 per cent showed some type of 
injury to the hypocotyl or radicle similar to mjuries found m ma- 
chine-threshed material. This observation seems to prove rather 
definitely that machine threshing is responsible for much of the injury 
foimd in bean seedlings. 

SUMMARY 



FkiXtre 5 —Embrvoh dissected from soaked seeds. 
Cotyledons removed to expose injuries to hypo- 
cotyl The embryo at A would probably give 
rise to a seedling similar to that of Figure 3, D, 
and the one at B, to one similar to that of Fig- 
ure it I> 


Baby Lima beans are found to be very susceptible to thresher in- 
jury. In addition to baldhead, which has been described by Harter 
and shown by him to be largely the result of thresher injury, the fol- 
lowing additional types are here described and illustrated. (1) One 
or both cotyledons may be broken from the embryo; or, in other cases 
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AMOUNT OF INJURY IN MACHINE-THRESHED BEANS 

The relative amount of seed which produces injured seedlings of 
the types described in the preceding pages vanes markedly in baby 
Lima beans from different sources. Twenty different lota of beans 
were obtained from growers near Sacramento, Calif., for germina- 
tion studies This matenal was germinated in the greenhouse in 
flats contaming a rather coarse soil to insure good drainage Observa- 
tions were made at the end of about two weeks, at which time the 
primary leaves had nearly reached their full size and the cotyledons 
had not yet been entirely depleted of food reserves Results obtained 
with these beans are shown m Table 1 


Table 1 — Summary of germination results from 20 lots of hahy Lima beans 
germinated in soil flats in the greenhouse 

[Figures represent percentages based on the average of three lots of 40 beans each] 


Percentage germination of beans in lot No — 


Description of seedling - . .1 

1 

2 

3 

4 

5 

6 


1 ' 

8 

9 

10 

11 

12 

■ 1 
13 

14 

■ 

15 

16 

17 

1 

18 

1 

19 

20 

Normal « 

63 

75 

651 

1 

57 

55 

43 

85 

55 

70 

76 

63 

53 

59 

71 

54 

25 

84 

72 

77 

94 

Jointed bypocotyl ^ 

8 

6 

14 

19 

21 

28 

5 

7 

7 

10 

is! 

12 

14 

14 

9 

26 

2 

0 

1 

1 

Baldhead « 

7 

5 

3 

7 

7 

4 

0 

11 

8 

4 

51 

10 

9 

7 

8 

12 

4 

1 

2 

2 

One cotyledon missing.-. 

7 

2 

7 

6 

5 

11 

' 4 

8l 

8 

2 

51 

12i 

7 

4 

8 

5 

2 

14 

11 

2 

Two cotyledons missing— 

2 

2 

3 

1 

2 

1 0 

1 0 

2 

0 

0 

0 

2 

0 

1 

li 

1 

2 

0 

0 

0 

Total seedlings 

87 

89 

92 

90 

90 

86 

94 

83 

93 

92 

88! 

89 

89 

97 

80 

09 

94 

87 

91 

99 

Ungerminated seed 

li 

H 

~i 

lo 

|To 

1 

6 

17 

”7 

~8 

~Ii 

1 

"n 

11 


20 

1 

Yl 


li 

1 




Average 

germi- 

nation 


()4 8 
10 0 

5 8 

6 

1 0 


80 0 


n 1 


« By a “normal seedling” is meant 1 with 2 cotyledons, 2 well-developed vegetative loaves, and an 
axis with no evidence of injury 

“Jointed hypocotyl ” refers to those seedlings in which the hypoeotyl has been cracked but the wound 
has been healed 

e “Baldhead” refers to seedlings with the plumule missing 


In considenng the amount of injury shown in these 20 lots of seed, 
one notes that, while baldhead is rather common, other types of 
mjuiy occur much more frequently In many cases these other 
injuries probably do not cause so much reduction in yield as does 
baldhead In other cases, however, the injunes are so severe that 
the plants fail to survive. Many of the ungerminated seeds, it was 
found, faded to germinate because they were too completely shattered 
internally to make any growth, although there was no external evi- 
dence of this injury at the timejthe beans were planted. This was 
found repeatedly to be the case in seeds' germinated on blotters, 
where they could be observed during the early germination stages. 
Accurate data concerning injury to underground parts of the seed- 
lings grown in soil flats were not secured, because the seedlings were 
pulled out for inspection instead of being washed out of the soil. 
Had these injuries been accurately recorded, the number of seedlings 
showing defects would have been even greater than the table shows. 

ARTIFICIALLY INDUCED INJURY 

Hand-shelled beans do not produce seedlings showing the defects 
described above A supply of hand-shelled beans was obtained from 
the field that produced lot 16 of Table 1. Lot 16 was machine 
threshed, and of the 20 lots investigated it produced the greatest 
number of defective seedhngs Several hundred of these hand-shelled 



EFFKC’.TS OF NUTRITION AND HEREDITY UPON LITTER 
SIZE IN SWINE AND RATS‘ 

", ,r DivimoH of AqnatUural Biochemistry, 

and Don W Johnson, < atcU Don ((rmluntr Fellow, Division of Animal Hus- 
bandvif, nfnuivsola AtjnvNKura} htpvrimcnt 

INTRODUCTION 

It is a. (‘oimnofi |)ra(‘ti(‘o with tho layiticn working with multiparous 
a,ihnials to sol(H‘t blooding stock, both male and" female, but more 
particularly fcMualc, from large litters m the belief that the factors 
gov('rning size of litt(‘r arc inherited by the progeny from their par- 
ents It IS of considerable economic importance to know whether or 
not litter size am be increased by the selection of breeding stock from 
the la.rg(U‘ litters, if there aic environmental factors which affect the 
size of littei-, smdi, for example, as nutrition, then by improving these 
factors the breeder should be rewarded by an increase in the pro- 
ductiveness of his a,mmals 


RKVIKW OF LITFRATURK 

Romimd (/7) ^ found iho average litter size of Poland China sows foi 
the period 1X8!2 IStSO to bo 7 04 pigs and for the period 1898-1902 
to be 7.52 pigs, an imu'ease of 0 48 pig per litter. Rommel and 
Phillips (18) observed that the average litter size of 5-year-old 
Poland (duna sows was 8 40 ])igs, while the average litter size of 
yearling sows was only 0 05 pigs. King (11) found that very young 
and v('ry old female rats produced smaller litters as a rule than 
hunales of intormednite ago She concluded that both age and 
pliysical condition are important factors in the determination of 
litter size. Johansson (fJ) and Keith (10) in studies with swine, 
and Green (J) in studies with mice, among others, have also observed 
mcOTase in litter size with increase in ago of dam. 

Wentworth and Aubel (SS) found no difference in the average litter 
size of *4)ig-type^^ and small-type” Poland China swine Their fig- 
ures were 7.85 10,05 and 7.89 J 0 04, lespectively. No data were 
given to show tlu^i actual difference in the size of the two types. 

flammond (7) concluded that the lower fertility of young sows is to 
a. large ext<mt du<' to the smaller number of ova shed*, since he found 
tlie averag<‘. number of (‘.orpora lutea m eight young sows to be 
14.8 I 0 39 and in nine old sows 19 77± 1.26. Loch (/I) found that 
when guinea pigs were underfed until they had lost up to 35 per cent of 
then' body weight the Graafian follicles failed to develop or developed 
only partly, resulting in failure to ovulate The underfeeding 
produced temporary sterility. He did not, however, report the 


1 Received for publication July 1, 1931; issued May, 1932 Paper No 1034, Journal Senes, Minnesota 
Agricultural Experiment Station. 

2 National Research Council Pellow , ^ 

3 The authors wish to express their sincere appreciation to Dr Leroy S Palmer and Dr Cornelia Kennedy 
for permission to use data obtained by them on litter sire m rats, and to 0 E Mydland for help in xeepmg 
and tabulating the records of litter size in the small-animal breeding colony of the nutrition laboratory of 
the Division of Agricultural Biochemistry 

* Reference is made by number (italic) to Literature cited, p. 620 
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where they still adhere to the plant, they may be injured to such an 
extent that the food reserves are not efficiently translocated (2) In- 
jury to the radicle results in its complete loss In less severe cas(‘s 
it remains attached but ceases to function Its plac(i is taken by 
adventitious roots which arise from the injured areas (rS) ''PIk' 
hypocotyl may be broken, in which case, if the brc^ak is near th(' toj), 
the cotyledons remain below ground when germination (xnairs 
Frequently the bieak is mcomplete and heals as the seed germinat(^s. 
This last type of injury does not materially retard the giowth of tlu' 
plant 

Injuries of the types described were found to be present in all lots 
of machine-threshed beans examined and very abundant in some of 
them. In hand-shelled beans, injuries to the radicle and hypocotyl 
were completely absent, and injuries to cotyledons and pluniule were 
far less frequent than in machme-threshed beans Injuries similar 
to those found in machine-threshed beans were produced in hand- 
shelled ones by subjecting them to mechanical shock before germi- 
nation. ^ The conclusion is drawn, therefore, that the defects found in 
baby Lima bean seedlings arc the result of injury received in the 
threshing machine 
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produced but 1 litter, which consisted of 4 pigs. Since Weatworth 
and Lush found the result of their experiment in agreement with that 
of Simpson, they consider it suggestive of the dominance of the 
factors for wild litter size Such results need to be verified by 
larger nuinbci-s, however, before the question is definitely answered 

Harris (.S’), in an analysis of data presented by Wentworth and 
Aubel (.B4), found a statistically significant correlation between the 
size of the litter in which a boar was farrowed and the size of the 
litters in which his daughters were farrowed He also found a corre- 
lation of + 0.121 ±0 022 between the size of the litters in which the 
grandsires and granddams were farrowed. Both these correlations 
are as large as the correlation which Wentworth and Aubel found 
between the size of the sow’s htter and the size of the litter in which 
she was produced. There is no genetic reason for either of the two 
former correlations, hence one is led to question the source of the data 
from which the correlations were determined Harris believed that 
such correlations might arise (1) through strains of animals of differ- 
ent breeders differing with respect to fertihty, (2) through differences 
in the conditions under which breeders mamtained their herds, pro- 
vided such differences affected litter size, or (3) through actual dis- 
honesty of certain breeders in reporting the size of litters for herd- 
book publication 

Buchanan Smith (21), from a review of the literature, reached the 
conclusion that litter size is definitely inherited as a comparatively 
simple Mendelian dominant, but says that perhaps hereditary factors 
are not as important in determining htter size as good husbandry and 
the mothering ability of the sow His conclusions regarding the in- 
heritance of litter size as a simple Mendelian dominant appears 
unwarranted in the light of the data at present available. 

Evvard (2, S) and Evvard, Dox, and Guernsey (4) found that 
nutrition was an important factor in determining the size of pigs 
faiTowed, but they did not obtain significant differences in litter sizes. 

EXPERIMENTAL MATERIAL 

This study was made in an effort to discover (1) what relation, if 
any, exists between the size of the litter of which the dam formed a 
part and the size of litter that she produced, and (2) to determine 
whether size of litter is affected by the nutrition of the dam. Accurate 
records from a rat colony maintained by the nutrition laboratory of 
the Division of Agricultural Biochemistry were available to the 
writers This colony is kept in a well-lighted room the temperature 
of which is maintained between 75° and 80° P. throughout the year. 
The animals are fed a diet of natural foodstuffs designed to produce 
normal growth and reproduction (IS) In addition to the records 
from these above animals, the authors were given access to data col- 
lected by L S. Palmer and Cornelia Kennedy, from which it was 
possible to study the effects of a diet low in nutritive value upon the 
fertility of the dam.® Although the records were taken from an experi- 
ment planned for another purpose it is believed that they are entirely 
suitable for this study because of the accuracy with which they were 


This diet oonsibted of 310 parts cereal grains, 633 parts dextrin, 100 parts commercial casein, 50 parts 
timothy hay, and 0 3 per cent ood-liver oil CaCOs and Oas (P04)2 were included in the diet in such propor- 
tions so as to give certain degrees of acidity and alkalinity and certain percentages of calcium and phos- 
phorus. 
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length of time before normal ovulation recurred after normal feeding 
was resumed, Workers at the Cornell Agricultural Experiment 
Station {14) report the results of 20 years of selection in poxiltiy 
As a result of mating high-producing birds with lugh-producing birds 
on the one hand, and low-producing birds with low-pi’oducang birds on 
the other, two lines were developed showing marked differences in egg 

^^Roi^d and Phillips {18), in a study of Utter size in Poland China 
swine reported a correlation coefficient of +0 06 ±0 008 between the. 
size of the litters in which the mothers were farrowed and tlic size of 
litters farrowed by daughters of these mothers _ The correlation co- 
efficient decreased from +0 108 ± 0 014 for yearling to + 0.032 ± 0 037 
for 5-year-old daughters Rommell concluded that there was a small 
but definite tendency for fecundity to be inherited, although its 
influence tended to be lost with increasing age. Johansson (9) found 
no significant correlation between two different litters of the same 
sow, but when he correlated the average of the first four litters with 
the average of the fifth to eighth Utters, he obtained a correlation 
coefficient of + 0 468 ± 0 07 He also found a correlation coefficient of 
+ 0 129 ±0 079 when he correlated the average size of the first four 
Utters of the mother with the average size of the first four litters of 
their daughters From an analysis of data covering 35 years obtained 
at one of the largest pig-breeding stations in Sweden, Johansson con- 
cluded that the fertihty of the sow is affected by environmental in- 
fluences during growth and maturity. This explanation was made by 
Johansson to account for the variability in Utter size wliich ho found 
in bis data but for which he was unable to account to an appreciable 
extent on the basis of heredity Haines (8) obtained data on guinea 
pigs indicating that the environmental factors which influence size 
of Utter are associated. Pearson and Weldon (28), correlating the 
size of Utter of mother and daughter, concluded that in mice there is no 
evidence that Utter size is inherited. Keith (10), working with 935 
Utters of seven breeds of swine, found no sigmficant correlation in 
relation to its probable error between the size of one litter and the size 
of the succeedmg Utter when each breed was considered separately, 
but when aU seven breeds were combined he obtained a correlation 
coefficient of +0 34 ±0.03 between the first and second litters and of 
+ 0.367 ±0 04 between the second and third Utters. Wiilo those 
correlations appear to be statistically significant, they probably are of 
slight biological value because the large differences in Utter size for the 
various breeds which were combined increase the length of the corre- 
lation surface and therefore increase the correlation coefficient. To 
be of biologic^ value such comparisons should be confined to Utters 
produced within a single breed unless it is first shown that there is no 
significant difference between the Utter size of the breeds combined. 
It is possible that such a study as this, carried out under a carefully 
controlled environment, would give a different result 
Simpson (.^0) beUeved, from the results of a cross between a wild 
Schwarzwald boar and a Tamworth sow, that there was a definite 
tendency for Utter size to be iiffierited as a dominant character. 
Wentworth and Lush (25) bred nix Tamworth sows to a wild boar, 
md because the average Utter size was 7.67 pigs as compared to 11 for 
the Tamworth breed, they concluded that the boar influenced the 
size of Utter. Only 1 of the crossbred daughters reproduced, and she 
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should have produced litters of the same size There is also a signifi- 
cant difference between the average litter size of Groups 2 and 4 
In Group 5, which consisted of htters obtained from Fj females pro- 
duced by crossing two unrelated strains of inbred rats, there is a 
significant increase in litter size, which must have come about 
through the influence of hybrid vigor 

Although Group 5 contained too few htters to make the difference 
observed between Groups 1 and 5 conclusive, the results do indicate 
the possibility of increasing litter size by crossing two inbred strains 
and following it by selection 

Figure 1 shows the correlation surface for the litter size of the dams 
(Group 1) when compared with the size of the litters winch they pro- 



riGURK 1,— Correlation surface show mg relation between size of the litter m which the dam was born 
and sisso of the littei she pioducecl, 364 rat litters having been used The solid line represents the 
i egression line and the dotted line the average size of the daughter litters for each litter size of the 
dam 

diiced (Group 2) The correlation coefficient for this figure is of the 
same order as its probable error, and is essentially zero Figure 1 
shows the high variability of litter size of the progeny from any class 
of mothers. It may be concluded from the data here shown that 
selection of dams from large litters has little influence upon size of 
httor in rats 

Various workers have found that there is an increase in litter size 
with the increase in age of the dam Figure 2 shows a frequency sur- 
face for the size of first litter for female rats at various ages These 
data give a correlation coefficient of +0 10 ±0.04, an msigmficant 
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kept and because of the inbreeding that has been practiced la this 
experiment the females were taken from the normal breeding colony. 
Most of them were virgin animals. They were placed on a, special 
diet and mated to proven males so that the inlluence ol tlie sire 
would not be a factor limiting size of litter 

A study of inheritance of litter size fiom an economic. a.sin‘ct was 
also made. Practically all the data for this study weiv taken from 
volumes 70 to 81, inclusive, of the herdhooks of tiic American Poland 
China Record Association, volume 81 being the lust of (Jie lieixlbooks 
obtainable at the Mmnesota station Most of th<‘ animals nse<l m tins 
study were born between 1918 and 1921. For a discn.ssion of (be ac- 
curacy of herdbook data the reader is referrc'd to hlcPlu'e (/d) 
He found that the herdbook data show lower litters ol 1 to 4 and 
9, 11, and 12 pigs than did the experimental data, but the frequency 
of htters of 8, m the herdbook data, was almost double tliat in the 
experimental data Assiunmg that all herdbook data arc inaccurate 
and to the extent noted by MePhee, it may yet be said that the inac- 
curacies affect the htters in which the dams wore produced to tJie 
same extent that they affect the htters produced by tliose dams, 
and probably wmuld not, therefore, affect any correlation that miglit 
exist between the size of the dam’s litter and the size of the daughtei-’s 
litter. 

LITTER SIZE IN RATS 

The average size of htters for the various groups of rats was as 
follows • 

ol nils hoi II }>('! 

Udci 

Group 1 Litters laised on bieedmg colony diet; 364 dams iroin 

these litters weie used m the experiments 8 75*L0. 0*) 

Group 2 Litters produced by these dams (66 per cent hrst htteis) , 7 61 L . 10 

Group 3 Only first litters from 329 dams whose ago at biith of 

young ranged from 62 to 200 days 7 51 J .10 

Group 4 One hundred and si\ty-two litters produced bv dams kept 
on a diet of low nutritive value and sired by proven 

males (34 per cent first litters) 5. 67 L .15 

Group 5 Litteis produced by Fi hybrids The hybrids resulted 

from crossing two uiu elated sti ains ( 1 8 litters) „ 11.061 .^15 

The difference between litter size, in the various grou'i)s, wJver(‘ 
Eaxtt ^^|El^ + Ei IS as follows: 

Group 1 minus Group 2 = 1.24 ±0 14; Group 1 minus Group 4 
3 08±0.17; Group 2 minus Group 4 = 1.84 iO.LS; (Jroup 5 minus 
Group 1=2.31 ±0.46. 

It will be observed that the average size of the dam’s litter (iS 75 1 
0 09) was significantly greater than the average size of litter produecMl 
by these dams (7 51 ± 0 10) Tliis difference is due largely to tiie fa<‘t 
that a higher percentage of the progeny litters wore first litters, as 
may be seen by comparing the average size of these litters ((iroup 2) 
with the average size of first htters (Group 3) The litter size is the 
same in both groups. If, however, the average litter size m Group 1 
IS compared with the average litter size in Group 4 (the group on a 
diet of low nutritive value) a difference of 3 08 ±0.17 is found~a 
difference which is highly significant. Thus it is apparent that 
environment may prevent the genotype from expressing itself, for the 
females- in these two groups were born from the same stock and 
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found for the earlier period an average size of litter in this breed of 
7 52 pigs This was an increase of 0 48 pig per litter for the period 
1898-1902 as compared to the period 1882-1886 The fact that there 
has been more than twice the increase m fertility in the Poland China 
breed from 1900 to 1920 than from 1880 to 1900 would indicate that 
the factors affecting litter size had had a greater influence during the 
former period than durmg the latter This suggests the possibility 
that the change in type which occurred from 1900 to 1920 may have 
been a factor contributing to this increase in size of litter. It will be 
remembered, however, that Wentworth and Aubel did not find any 



CAr(?/yr//si) 

FiotruE 3 —Average number of pigs produced per Utter by Poland China sows ranging m age from 
12 to 60 months The broken line represents results reported bv Rommel and Phillips for the year 
1902, the solid line those secured from herdbook records for litters born between 1918 and 1921 

difference in litter size between the large and small type of Poland 
China swine 

A correlation coefficient showing the relation between the size of 
the dam^s litter and the size of the litter which she would produce 
was found to be +0 11 ± 0 02. There is no significant difference be- 
tween this correlation and the correlation wliich Rommel and Phillips 
found in 1906 in the Poland China breed. From a study of the fre- 
quency surface for this correlation as shown in Figure 4, it may be 
concluded that the selection of dams from large litters would have but 
a slight effect upon the litter size of their progeny Since Rommel 
and Phillips found a greater correlation coefficient for young dams 
and their progeny than for older dams and their progeny, it was 
decided that this correlation coefficient should be corrected for the 
influence of age of dam upon htter size. When this was done by the 
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value for tlie numbers studied This finding is in agreement with 
that of Johansson {9) m regard to the relation between age of dam 
and size of first litter in swine To determine w^hether the size of the 
second litter of rats is related to the size of the previous litter, all the 
second litters, 74 in number, were correlated with the first litters 
The resulting correlation coefficient was +0 24 ±0 07. While the 
con elation is not large and is not based on a large number of litters, it 
does indicate the possibility’^ of increasing litter size by selection 

LITTER SIZE IN THE POLAND CHINA BREED OF SWINE 

From the Ameiican Poland China Record 1,035 litters were selected 
at random. Most of these litters, it will be recalled, were born between 



1918 and 1921. The average size of the dam's litter was 8 69 ± 0 047, 
whereas the average size of 1,035 litters produced by them was 8 57 ± 
0.048 A comparison of these values with those of Rommel {17) 
shows an increase of slightly more than 1 pig per litter during the 
time that elapsed between Rommel's investigations (1898-1902) and 
those herein reported (1918-1921) The difference m litter size of 
1 05 ± 0 05 between these two groups is very significant This differ- 
ence is found to exist rather umformly for all ages of the dam up to 60 
months, as shown in Figure 3. It will be remembered that Rommel 
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DISCUSSION 

The number of animals born to a multiparous mother is influenced 
to a large extent by the physiological condition of the female before 
and at the time of oestrus Haines (6) in studies of guinea pigs 
found that the major factors controlling litter size operate at con- 
ception He found also that litter size is generally small from Janu- 
ary to April, while from June to November it is unusually large It 
seems probable that this difference is due largely to the nutrition of 
the mothers, for it is much easier to procure suitable green feed in 
summer than in late winter or early spring. 

The size of litter depends piimarily upon the number of ova winch 
are released and which become fertilized Parkes and Drummond 
{16) believe that any male capable of producing viable sperm is 
capable of fertilizing all of the ova produced. Warwick {2S), in an 
examination of 3,967 fetuses, found 3 68 per cent in various stages of 
degeneration It is not known, of course, to what extent heredity 
and environment, respectively, may account for this There are 
many physiological conditions which affect the general health of the 
animal, and which would result in a smaller litter size The data 
presented in this paper show that in the case of rats poor nutrition of 
the dam is one of the major factors affecting the number of young 
born per litter It seems very probable, therefore, that improved 
feeding methods have influenced the measurable increase in litter 
size of the Poland China breed dunng the years 1885 to 1900 and 1900 
to 1920 

Differences in litter size of breeds of swine have been definitely 
established by Bitting (D? Rommel {17), and Severson {19) Sever- 
son reported' a litter size of 8 2 for Poland Chinas, Keith {10) 
found 7 91 during the period 1903-1925, Rommel reported 7 52 in 
1906, and the present study shows 8 69. Such results as these suggest 
that there may be differences in litter size within a breed, an idea 
that is in keeping with the theory advanced by Harris {8) that strains 
of animals from different breeders may differ with respect to fertility 
This difference, if it actually does erist, may not indicate any real 
difference in the fertility of the strain in question but may be ex- 
plained upon a nutritional basis, that is, sows maintained at different 
locations and by dift'erent breeders may also be maintained on differ- 
ent planes of nutntion This idea is supported by the studies of 
Johansson (5), who found that there had been no change m litter 
size at Bondeson's pig breeding station in Sweden for 35 years, where 
undoubtedly the best feeding practices were employed at all times 

If the size of litter is a valuable criterion in the selection of breeding 
stock, then the number m the litter of which the dam was a part 
should give an indication as to the size of litter that she will produce, 
and the size of the first litter should give an indication of the size of 
subsequent litters The present study with rats and Johansson’s 
study with swine show that the average size of litter produced by 
all individuals born in litters of any given size, as 10 for example 
(figs 1 and 4), will be the average size of litter for the breed or species 
studied. The same is true of the size of second litters produced by 
dams all of which had produced the same size of first litters. This 
can be accounted for by environmental factors which affect litter size. 
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partial correlation coefficient method, it was found that oTma — 
+ 0 092 ± 0 02 ® Only a slight decrease in the correlation coefficient 
was thus obtained when the age of the dam was made constant 
Since in Figure 3 there was a gradual increase in littei size with 
increase in age of dam up to 60 months, it was thought that there 
should be a fairly high coi relation between age of dam and size of the 
litter that she would produce This correlation was found to be 
-1-0 31 ±0 02, which is significant These data, therefore, further 



Figure 4 —Correlation surface sliowmp; relation between size of litter in which the dam was born 
and size of litter she produced, 1,035 litters of Poland China swine being represented The heavy 
line represents the regression line and the dotted line the average size of the daughter litters foi 
each litter size of the dam 

venfy the fact previously shown that there is a gradual increase m 
fertility of sows up to the age of 60 months 
Johansson (S) found a somewhat larger average httei size for sows 
farrowing their first litter at 14 to 16 months than at any other ago 
up to 22 months, but consideiing the numbers with which he worked 
the differences he obtained were not statistically signifi cant. The 
correlation between age of dam and size of first litter for 262 dams 
ranging in age from 10 to 15 months, inclusive, was also found in this 
study to be statistically insignificant This is in agreement with 
Keith’s {10) findings and also m agreement with the data for rats 
presented in Figure 2. 

« d-age of dam, m-siae of dam's litter, (f=size of daughter’s litter 

l-r*« 




Mar 15,1932 Efects oj Nutrition Upon Litter Size 521 

(11) King, H, D 

1915 ON THE TVEIGHT OF THE ALBINO RAT AT BIRTH iND THE FACTORS 

^ THAT INFLUENCE IT Anat Rec 9 213-231 

(12) Loeb, L 

1917 THE EXPERIMENTAL PRODUCTION OF HA'POTYPICAL OVARIES 
THROUGH UNDER FEEDING A CONTRIBUTION TO THE ANALYSIS 
OF STERILITY. Biol Bul Mai Biol Lab Woods Hole 33* 91- 
115 

(13) AIcPhee, H C 

1927 the swine HERDBOOK as a source of data FOE THE INVESTIGA- 
TION OP THE SEX RATIO AND FREQUENCY OF SEX COMBINATION 

OF PIG LITTERS JouT AgT Research 34 715-726, illus 

(14) Mann, A R. 

1929 BREEDING EXPERIMENT TO SHOW THAT FECUNDITY IS AN INHERITED 
CHARACTER X Y Cornell Agr Expt Sta Ann Rpt 42 
(pt. 2) 60-63 

(15) Palmer, L. S , and Kennedy, C 

1927 THE FUNDAMENTAL FOOD REQUIREMENTS FOR GROWTH IN THE RAT 
I GROWTH ON A SIMPLE DIET OF PURIFIED NUTRIENTS JoUT. 

Biol Chem 74. 591-611, lUus. 

(16) Parkes, A S , and Drummond, J C. 

1925 the effect of vitamin B deficiency upon REPRODUCTION. Roy 
Soc. [London], Proe , Ser B 98 147-171, illus. 

(17) Rommel, G M 

1906 THE fecundity of POLAND CHINA AND DUROC JERSEY SOWS 
U S Dept Agr , Bur Anim Indus Circ 95, 12 p 

(18) and Phillips, E F 

1906 INHERITANCE IN THE FEMALE LINE OF SIZE OF LITTER IN POLAND 

CHINA SOWS Amer Phil. Soc. Proc 45 245-254 

(19) Severson, A 

1927. PROLIFICACY OF SOWS AND MORTALITY OF PIGS- Amei Soc Amm. 

Prod 1925-26 60-62 

(20) Simpson, Q. I 

1912 FECUNDITY IN SWINE Amer Breeders^ Assoc. Ann Rpt 7-8* 261- 
266 

(21) Smith, A D Buchanan 

1930-31 LITTER SIZE — IS IT INHERITED? Pig Breeders’ Ann [England]. 

(22) W , F J , and P., K 

1907 ON HEREDITY' IN MICE, FROM THE RECORDS OF THE LATE W F. R 

WELDON. PART I ON THE INHERITANCE OF THE SEX-RATIO 

AND OP THE SIZE OP LITTER Biometnka 5 [436]-449 (Tabu- 
lated and reduced by F J. W. and prepared for press by K. P.) 

(23) Warwick, B L 

1928. PRENATAL GROWTH OF SWINE Jout Moiph and Physiol 46 59- 

84, illus 

(24) Wentworth, E N , and Aubel, C E 

1916 INHERITANCE OF FERTILITY IN SWINE [PRELIMINARY PAPER]. 

Jour. Agr. Research 5. 1145-1160, illus. 

and Lush, J L. 

1923 INHERITANCE IN SWINE, JouT Agr Research 23 ; 557-582, illus 


(25) 



520 


Vol 44, No 6 


Journal of Agricultural Research 

It does not, however, disprove the idea that litter size is or may be 
inherited, for it is well known that breeds differ with respect to litter 
size 

SUMMARY 

A study of 1,035 litters of Poland China pigs, as derived fioin herd- 
book records, shows that there was an increase m average litter size 
amounting to one pig per litter in this .breed between 1900 and 1920 

The swine data show an increase in average litter size with increase 
in age of dam up to 60 months 

The correlation coefficient between the size of litter in which the 
dam was born and the size of litter produced by her was very low m 
swine and essentially zero in 364 litters of rats 

The nutrition of the mother rat has a pronounced influence on the 
size of litter that she produces Small litters result when the female 
is maintained on a poor diet 

The correlation coefficient obtained between age of dam and size 
of fiist litter in both rats and swine was found to be statistically in- 
significant 

The data used in this study show that, because of the influence of 
environmental factors on litter size, the size of the first litter is not 
an accurate indication as to what will be the size of subsequent lit- 
ters Consequently, while the data indicate the possibility of increas- 
ing litter size by selection, the size of the first litter should not bo 
taken as the standard by which to select stock for breeding purposes. 
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CORRELATIONS OF CERTAIN LINT CHARACTERS IN 
COTTON AND THEIR PRACTICAL APPLICATION ' 

By G N Stroman 

jhsociale Agi New Mexico Agi iculiuial Erpe? imenf Etcdion 

INTRODUCTION 

Correlation is a tool that the plant breeder has long used in his 
efforts to breed desirable characters into new varieties. In relatively 
few instances, however, has correlation been of very great practical 
importance to plant breeders In most cases the simple correlation 
coefficients alone, unless exceedingly high, have m themselves little 
value except as a means of calculating the partial, or net, and multiple 
correlations. For correlation coefficients to be reliable it is necessary 
that there be included in the calculations all measurable factors that 
might exert an influence on the particular character desired When 
several characters or variables are used in the calculations it is not 
uncommon to obtain a high positive or negative simple correlation 
coefficient that will be entirely reversed when the partial or net cone- 
lation coefficient is computed 

This paper reports data on the relationships of percentage of lint, 
Imt index, boll weight, and length of lint in certain related families 
of cotton The simple and partial correlation coefficients between 
each of these characters are given, as are also the multiple correlation 
coefficients where each of the characters is used as the primary. The 
practical application of the data to breeding procedure is shown. 

MATERIALS AND METHODS 

In the spring of 1929 seed of a hybrid plant raised on the agronomy 
farm of the New Mexico Agricultural Experiment Station was planted 
under the number 179. The progeny segregated for practically all 
the characters of the cotton plant Probably the hybrid was an 
upland-Egyptian cross, as it exhibited characters of both types The 
families shown in Tables 1 to 3 were grown in 1930 from different 
individual plants of No. 179 

The plants grown in 1930 were harvested in the late fall after most 
of the bolls had opened, and the cotton was then ginned on a small 
8-saw gin The percentage of lint was calculated from the weight of 
clean Imt and clean seed The lint index was calculated from the foi- 
, Weight of 100 seeds X per cent lint , 
unila: ^ Per cent seed 

lated as the weight of lint in grams per boll Length of lint was meas- 
ured in sixteenths of an inch. 

The correlations were calculated by the usual methods The 
simple correlation coefficients were determined first and from these the 
multiple and partial correlations were obtained. 
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Gnffee, Ligon, and Brannon (S) report simple high correlation 
coefficients between the above-mentioned characters similar in size 
and direction to those reported here Their simple coeflBcient 
— 0 872 ± 0 037, between number of bolls per pound and weight of 100 
seeds was leduced in the partial correlation coefficient to 0 159 ± 0 151 
when four other characters were held constant The number of bolls 
per pound refers to boll weight, and the weight of 100 seeds to lint 
index, although they are not exactly the same. 

^ Kearney (5), working with Pima cotton, obtained sigmficant posi- 
tive simple correlations between each pair of the three characters 
percentage lint and lint index, lint index, and boll weight, and percent- 
age lint and boU weight 

The present writer (10), in a study of 7 varieties of cotton at the New 
Mexico station, obtained partial coefficients between percentage of lint 
and boll weight similar to those reported here In 4 of the varieties 
fairly significant positive correlations were obtained, in 1 variety the 
correlation was barely significant (0 20 ± 0 07), in 1 variety it was not 
significant (0 06 ± 0.07), and in 1 variety it was negative ( — 0 25 ± 0 07) 

Hodson (^) reported simple coefficients for lint percentage and boll 
weight, 1 negative ( — 0 45 ± 0 09), 1 positive (0 40 ± 0 06), and 3 that 
were not significant 

^ The genetic factors expressed in percentage hnt and lint index, and 
lint index and boll weight seem to be the same , or, if different, they 
are closely linked However, there are genetic factors other than these 
expressing themselves on each character, since the degree of correlation 
is not high enough to be explained on the basis of complete linkage of 
all the genes involved 

The relation of percentage of lint and boll weight may be explained 
on the basis of two linked genes with crossing over, the other genes 
being independent Certain of these genotypes would segregate mto 
a repulsion phase, others into the coupling phase, and still others into 
an independent phase in which only one of the linked genes would be 
present In these nine sister families this could easily explain the 
range of the partial correlation coefficients from 0 62 to 0.40 Still, 
it seems logical to assume that if A and B ® are correlated and B and C 
are coi related, A and C should be correlated. This was the case with 
the simple coefficients, but when the partial coefficients were obtained 
only three families were found to exhibit sigmficant positive correla- 
tions Genetically, then, there must be one gene of C linked with one 
of A that is not accounted for in B, whose true coefficient is covered up 
by the common association of the others. 

LENGTH OF LINT AND OTHER CHARACTERS 

In regard to length of hnt and percentage of lint, most writers 
(8, S, 4, 7,^ 5, 10) have reported significantly negative correlations, 

but some writers (4, S, 10) have found also a number of correlations 
that are not significant, Kottur (6), working with Indian cottons, 
reported independent inheritance in these two characters. In the mne 
sister families of the present study the correlation coefficients ranged 
from — 0.61 to — 0 01> The high negative correlation may be explain- 
ed on the basis of two factors closely linked One of these affects 
percentage of lint and the other length of lint. The coefficients show- 
ing no correlation may be explained as the expression of certain factors 
where not more than one of the linked genes is heterozygous. 

115908—32 i 
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THE DATA 

The mean, standard deviation, and range are given in Table 1 for 
each of the characters for all the families. The simple and partial 
correlation coefficients between the four characters for each family arc 
shown in Table 2, and the multiple correlation coefficients in Table 3 

LINT PERCENTAGE, LINT INDEX, AND BOLL WEIGH P 

^ An examination of the partial coefficients shows that percentage of 
lint and lint index, as well as lint index and weight per boll, are sig- 
nificantly positively correlated, but the coefficients for percentage of 
lint and boll weight range from fairly positive to fairly negative. 

Table 1 — Rangej mean, and standard deviation of percentage lint, lint index, boll 
loeighi, and length of lint of nine sister families of cotton 


Family No 

Num- 
ber of 
plants 

Percentage lint 

Lint index 

Range 

Mean 

Standard 

deviation 

Range 

1 

Mean 

! 

1 

1 Standard 
deviation 

13 - 

115 

14-41 

31 5±0 3 

4 9db0 2 

15-9 5 

6 16=h0 12 

1 84=t0 08 

36 

68 

14-41 

28 4± 5 

5 9=h 3 

1 5-9 5 I 

3 7S± 13 

1 64=b 09 

37 

63 

20-38 

29 6± 4 

4 2=fc 3 

2 5-8 5 

4 67=1= 15 

1 60=b 10 

46 

60 

16-41 

29 6± 5 

5 2=h 3 

16-8 6 

4 eOdb 15 

1 77d= 11 

47 

50 

12-40 

28 2=t: 6 

6 l=h 4 

1 6-8 5 

4 46=1= 19 

2 02=b 14 

53 

78 

3-39 

27 8d= 6 

8 5=b 5 

6-9 5 

5 08d= 16 

2 05=fc 11 

bO 

85 

23-39 

31 4i: 2 

3 4=h 2 

3 5-9 5 

5 77d= 09 

1 18=1= 06 

69 

77 

12-42 

33 4=1= 3 

4 2=t 2 

2 6-9 5 

5 95=i= 11 

1 37± 07 

94 

127 

6-42 

30 4:1: 4 

6 6=1= 3 

5-9 5 

5 05db 12 

1 93=t: OS 


Family No 

1 

Boll weight 

Lmt length 

Range 

1 

Mean ! 

Standard 

deviation 

Range | 

i 

Mean 

Standard 

deviation 

33 s 1 

0-3 0 

1 60=1=0 05 

0 72=fc0 03 

16-26 

19 9=h0 09 

1 41=1=0 06 

36 

0-2 5 I 

82=h 04 

61=b 03 

13-26 

18 6=b 2 

2 7 d= 2 

37 

0-2 5 i 

92=1= 05 

54=b 04 

15-26 

21 4d= 2 

2 6 =h 2 


0-2 5 

1 13=fc 05 

62=1= 04 

16-24 

19 Idb 2 

2 0 =1= .1 

47 

0-2 5 

93± 6 

63=1= 04 

16-23 

18 8=1= 2 

1 8 =1: .1 

53„. 

0-3 0 

1 33=b 06 

73=b 04 

14-23 

19 2d= 1 

1 7 rfc 1 

60 

5-3 6 

1 19± 04 

51=i= 03 

15-22 

19 1± 1 

1 6 =h 1 

69 ! 

6-3 0 

1 48=h .04 

52=fc .03 

15-24 

18 8=t 1 

1 7 =b 1 

94 

0-4 0 

1 22d= 04 

68d= 03 

14-27 

20 8=b 1 

1 

2 4 ± 1 


Table 2 — Simple and partial correlation coefficients between percentage knl, knt 
index, boll weight, and lint length in a senes of related families of cotton 


Family No 

Num- 
ber of 
plants 

AB CD « 

AC BD « 

AD BC “ 

BC AD « 

BD AC » 

CD AB « 

Simple 

Net 

Simple 

Net 

Simple 

Net 

Simple 

Net 

Simple 

Net 

Simple 

Net 

33 

116 

+0 76 

+0 48 

0 77 

0 41 

-0 37 

-0 61 

0 83 

0 47 

0 03 

0 36 

-0 04 

0 17 

36 

68 

79 

63 

61 


- 4^ 

-- 61 

71 

41 

- 19 

20 

“ 09 

lb 

37 

53 

61 

46 

48 

- 03 

- 29 

- 30 

76 

69 

- 09 

19 

- 17 

- 15 

46 

60 

86 

55 

79 

24 

- 11 

- 01 

83 

56 

- 03 

38 

- 33 

- 52 

47 

50 

80 

68 

67 

- 04 

14 

- 03 

86 

72 

21 

06 

21 

.00 

53 

78 

91 

64 

85 

12 

- 31 

- 06 

90 

61 

- 32 

- 07 

- 28 

01 

60 

85 

74 

72 

47 

- 40 

- 07 

- 07 

84 

83 

03 

~ 04 

12 

.13 

69 

77 

72 

30 

81 

1 62 

- 16 

- 38 

76 

38 

06 

13 

07 

2(* 

94 

127 

86 

.76 

66 

- 18 

- 39 

- 17 

74 

.62 

- 33 

- 13 

- 09 

21 


« A, per cent lint, B, Imt inde\, O, weight per boll, D, length of Imt 
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and testing, which will require only fairly large numbers in the 
bi'eeding program 

With respect to the three characters — percentage of lint, lint index, 
and boll weight — high simple correlations are obtained between each 
pair, so that m the families in which fairly high partial correlations 
are found between each pair of the three characters, a breeder using 
moderately large numbers would be justified in considermg only one 
of the three, for by selecting for one he would automatically obtain, to 
a certain extent, the others as well 

SUMMARY 

Data on nine sister families showing the correlation relationship 
between lint percentage, lint index, boll weight, and length of lint are 
reported. 

The families studied sprang from a hybrid plant, which was prob- 
ably an upland-Egyptian cross 

The mean, standard deviation and range are given for all four 
characters for each of the nme families 

Simple and partial correlation coefiicients are shown between all 
characters for each family, and multiple correlations, using each 
character as the primary, are given for all families 

These data are discussed both from the standpoint of genetics and 
from that of the practical breeder Lint percentage and length of lint 
are considered especially m relation to the other characters, and their 
practical importance is pomted out. 
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The simple correlations of B and D arc similar to the partial cori*c- 
lations of A and C, although the significant correlations are not so high 
These simple correlations agree with those obtained by Kearney (5) 
on three populations of Egyptian cotton, where the coefRcients were 
0.360 ± 0 055, - 0 132 ± 0 038, and - 0 361 ± 0 085. However, the par- 
tials of B and D reported here show only two families with significant 
correlations and in no family was there a significant negative correla- 
tion The genetic relationships of these two characters must be 
similar to those indicated for A and D, except that negative correla- 
tions between A and D were found, whereas the significant correlations 
between B and D were positive 

While the relation of C and D is similar to that of A and C, shown 
above, the one significant positive correlation is not very high, being 
only 0 26 ±0.07 

MULTIPLE CORRELATIONS 

The multiple correlations for the nine families are shown in Table 3 
These coefficients vary greatly according to the family, as might be 
expected in progenies produced by different genotypes 

Table 3 — Multiple correlation coefficients of percentage lint, lint index, weight 
per boll, and lint length when each is used as the primary 


Family No 

A BCD 

B CDA 1 

C DCA 

D CAB 

1 Family No 

A BCD 

B CDA 

C DCA 

D.CAB 

33 

0 88 ' 

0 87 

0 86 

0 62 

1 53 

0 91 

0 95 

0 91 

0 32 

36 

85 

St ' 

72 ' 

61 

60 

80 

93 

87 

19 

37 

65 

82 

77 

34 

' 69 

83 

78 

86 

39 

46 

87 

91 

89 

54 

{ 94 

87 

92 

77 

43 

47 

80 

i 91 

86 

22 

[I 






PRACTICAL APPLICATION OF DATA 

In practical breeding procedure the partial correlation coefficients 
shown above are of some importance Especially is this true of the 
relationship between lint percentage and length of lint Cotton 
breedeis have long recognized the negative correlation existing 
between peicentage of lint and length of lint. Both of these charac- 
ters are important to the commercial breeder because of the farmers’ 
demand for a high percentage of lint and a good length of staple. 
The negative correlations obtained by most investigators have dis- 
couraged some breeders. Of course, if a breeder were selecting within 
a relatively pure strain for these particular characters and there was a 
negative correlation, it would be doubtful whether he could obtain 
both high percentage of lint and good length of staple, even with 
exceedingly large numbers. On the other hand, should there be no 
correlation, the maximum possibilities could easily be attained. 

In regard to the relationship of percentage lint with boll weight, 
which certainly shows genetic correlations (1), three courses would bo 
open to^ the breeder In the case of the families showing positive 
correlations he would merely take for further testing those individuals 
with high percentage lint and high boll weight and the chances would 
be good that some would prove to be pure the following year for the 
characters desired This would also be true for the families showing 
negative correlations, except that the individuals high in both char- 
acters would probably not be very numerous, and therefore a longer 
time would be necessary to obtain the desired characters. In the case 
of the noncorrelation families the matter is one of individual selection 



A SIMPLE METHOD OP CONSTRUCTING TREE VOLUME 

TABLES 1 

By D. B Demeritt, Associate Professor of Forestry, and A C. McIntyre, In- 
structor in Forest Research, Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

A volume table show^s for a givea species the average coatents of 
trees of different sizes (5).^ In the past, most volume tables have 
been constructed by separating the field data or samples into diameter 
and height classes, plotting the class averages, drawing smooth curves 
and harmonizing them with each other. 

Kecently Eeineke and Bruce ^ have referred tree volume to that 
of modified cylinders or frustums of ideal solids in the construction 
of almement chart volume tables Three factors, diameter, height, 
and form of tree, affect tree volume. Within any diameter-height 
group variations in form produce corresponding variations in volume. 
These three factors are harmonized through averaging, and the 
resulting table presents the assumed average trees for the imiverse 
from which the sample was taken 
If the sample is a true average for the whole and the mathematical 
and mechanical work of computation and curve construction have 
been carefully done, the other parts of the unit from which the sample 
came can be measured correctly by using the resulting tabular tree 
volume table or alinement chart volume table. ^ 

Bruce (2)^ Bruce and Eeineke (5), and Eeineke (7) have shown 
how almement charts may be employed in the solution of other prob- 
lems in forest mensuration The development of the technic out- 
lined in this paper was suggested by their articles. 

Alinement charts have certain advantages over the older methods 
of volume table construction. Because of the fact that all of the 
data are used in the construction of a single curve, better curve 
definition^ results and fewer data are necessary. When^ data are 
deficient ia a few diameter or height classes, the projection of the 
curve through these points, coimectmg with points having sufficient 
weight, is possible. It should be remembered, however, that usually 
the ends of the curves are defined by the smallest number of samples 
and extensions are open to error Less time is required by the aline- 
ment chart method 

PROCEDURE 

A knowledge of the several types of graph paper is assumed In 
the preparation of alinement charts mvolving multiphcation or 
division, some form of logarithmic paper should be used ^ The scales 
on such paper simplify the mechanical work of graduating the axes 
and make logarithmic computations unnecessary 
The present technic of volume table construction is based upon the 
use of log.-log paper, since tree volume computation involves a 
multiplication. The equation of this multiplication is y^ax^ (hf). 


1 Received for publication July 27, 1931, issued May, 1932 

2 Reference is made by numbers (italic) to Literature Cited, p 539 

3 Reineke, L H , and Bruce, D the preparation op alinement chart volume tables 1928 
[Unpublished manuscript, Forest Service ] 
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Table 1 — Classification of trees hy d h h regardless of height — Continued 


D b h class (inches) 

Trees 

Total 
d b h 

Total 

height 

Vctual tree 
volume 

Form 

factor 

Tabular 
\ olume 


N timber 

1 

Inches * 

6 7 

Feet 

39 5 

Cu ft 

3 37 . 


Cu ft, 

4 04 


5 

34 5 

226 0 

20 42 . 


23 52 


16 

113 0 

883 4 

96 23 . 


99- 17 


5 

36 5 

325 2 

37 25 . 


40 12 

Total - 

Tt 

190 7 

1,474 1 

157 27 . 


166 85 

Average - - 


7 06 

54 60 

5 82 

0 393 

6 18 


1 

7 6 

37 5 

4 42 1 


4 95 

K J 

3 

25 2 

133 6 

23 56 . 


20 98 

^ 1 

17 

135 1 

940 6 

133 74 . 


134 22 

1 

3 

24 9 

188 6 

28 39 . 


29 85 

Total 

24 

192 8 

1,300 3 

190 iP. 


190 00 

Average 


8 03 1 

54 18 

7 92 

.415 

7 92 

1 

3 

27 6 

146 4 

30 25 ' 


27 55 


5 

45 5 

282 5 

53 31 . 


52 40 

1 

6 

55 3 

374 8 

71 03 . 


71 CO 

Total 

14 

128 4 

803 7 

154 59 . 


151 55 

Average - 



9 17 

57 41 

11 04 

419 

10 83 

( 

1 

10 4 

45 5 

12 66 , 


10 70 

10 - 

13 

131 5 

742 0 

170 64 . 


166 20 

3 

30 4 

225 4 

50 21 . 


52 30 

1 

12 

120 3 

746 6 

162 31 . 


164 90 

Total 

29 

292 6 

1,759 5 

395 82 


394 10 

Average 


10 09 

60 67 

13 65 

405 

13 59 

( 

1 

11 5 

45 5 

11 54 


12 85 

“ 

1 3 

32 8 

169 7 

43 97 


43 15 

! 11 

122 5 

711 5 

192 57 


191 30 

1 

2 

21 5 

143 8 

32 18 


36 95 

Total 

17 

188 3 

1,070 5 

280 26 


284 ^5 

Average 


11 08 

62 97 

16 48 

391 

16 12 

( 

1 

11 7 

57 5 

16 49 


16 60 


7 

1 83 5 

455 0 

137 09 


138 50 

1 

1 

1 11 9 

71 0 

22 87 


22 00 

Total 

9 

107 1 

583 6 

176 45 


177 10 

Average 



11 90 

64 83 

19 60 

392 

19 £8 

( 

1 

1 12 6 

52 0 

lb 19 


17 50 

“ 

3 

39 0 

198 5 

81 10 


73 70 

4 

51 9 

302 1 

11b 14 


113 40 

1 

3 

1 38 6 i 

247 9 

104 15 


90 10 

Total 

11 

142 1 

800 5 

317 58 


294 70 

Average 


12 92 

72 77 

28 87 

436 

26 79 

1 

3 

41 8 

200 9 

7b 16 


90 30 

14 

4 

56 3 

293 5 

139 45 


137 20 

1 

5 

70 1 

412 7 

182 99 


186 10 

Total — 

12 

168 2 

907 1 

393 60 


413 60 

Average 



14 02 

75 60 

33 22 

1 411 

34 46 


f 1 

15 0 

58 5 

33 10 


30 40 

16 1 

1 1 

14 6 

68 8 

39 45 


34 30 


104 7 

532 8 

285 61 


287 10 


1 1 

15 0 

85 0 

48 16 


45 00 

Total 

10 

149 3 

745 1 

406 32 


396 SO 

Average 


14 93 

74 51 

40 63 

449 

39 68 

16 

f 1 

16 3 

76 0 

52 91 


50 SO 

1 2 

32 2 

162 5 

115 19 


103 50 

Total 

3 

48 5 

238 5 

168 10 


154 30 

Average 



16 17 

79 5 

56 03 

516 

51 43 

17 

( 1 

17 2 

63 5 

45 67 


47 OO 

a 

1 4 

67 8 

291 8 

194 02 


211 40 

Total 

5 

85 0 

355 3 

239 69 


258 40 

Average 


17 0 

71 06 

47 94 

428 

51 68 

18 

/ 1 

18 0 

68 5 

50 39 


56 60 

\ 1 

17 9 

89 0 

77 67 


69 OO 

Total 

2 

36 9 

157 5 

128 06 


125 60 

Average 


17 95 

78 75 

64 03 

463 

62 80 

Grand total 

209 

1,968 0 

12, 262 2 

3, 139 73 


- 3,135 42 
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ill which y equals volume, a is a constant, x is the diameter, 2 is the 
exponent of ,r, h is height, and / is form factor (S), The substitution 
of different values of x in this equation, allowing height and form to 
remain constant, produces a parabolic curve. A parabolu*, cmrve on 
log -log paper plots as a straight line. 

To simplify the explanation of the technic presented, thei’c are 
included in this paper the average values from a sample of 209 red 
oak {Quercus borealis maxima M ) trees secured on five logging opera- 
tions in central Pennsylvania. The data were collected in the usual 
manner (Jf ), and the tree volumes were computed by cubing the logs 
according to Smahan’s parabolic frustum formula The d b h 
(diameter at breast height measured at 4.5 feet above ground level) 
taken outside bark, is an average to the nearest tenth inch of two meas- 
uienients taken at right angles to each other with tree calipers Heights, 
m feet, were measured from the ground level to the tip of the mam 
stem The volumes shown are total volumes inside bark contained 
m the stem and limbs, in cubic feet Volumes do not include stump. 
Utilization is to a 2-inch top inside bark 
The data, charts, and tables presented are used only for purposes 
of illustration Additional samples for this species should be obtained 
if final charts and tables are to be constructed 

ARRANGING THE DATA 

The trees are first classified and listed by d b. h height classes 
Column totals for each class are then obtained. This method neces- 
sitates only one listing of the data and reduces computing time by 
nearly one-half The units of classification are entirely arbitrary. 
In this case the d b. h. classes used are 3 5 to 4 4 inches, 4 5 to 5 4 
inches, etc , and the height classes are 30 to 39 9 feet, 40 to 49.9 feet, etc 
The data are then classified by d b h classes regardless of height 
(Table 1, columns 3, 4, and 5) The totals found in the first classi- 
fication are used, and the number of trees involved in each class are 
noted. The number of trees, d. b. h , height, and volume for each 
d b h class are totaled and aveiaged. 

In the same way, the trees are classified by height clas'ses regard- 
less of d. b, h (Table 2, columns 2, 3, and 4) and the average total 
height and volume in each height class computed. The totals com- 
puted in the first classification are again used. 


Table 1 — Classificahon of trees by d b, h regai dless of height 


1) b h class (inches) 

Trees 

Total 
d b h 

Total 

height 

\ctual tiee 
volume 

Form 

factor 

'rabuKu 

volume 


Number 

Inthes 

Feet 

Cu ft 


Cu ft 

f 

6 

26 2 

220 9 

9 83 


9 89 

4 1 

4 

16 9 

180 5 

7 42 


7 41 

1 

1 

4 3 

55 0 

2 43 


2 32 

Total - 

11 

47 4 

456 4 

19 68 


19 (iJ 

\verage 


4 31 

41 49 

1 79 

0 427 

X 78 

1 

3 

14 0 

107 0 

5 34 


5 45 

5 \ 

s 

15 9 

157 5 

8 98 


9 59 

1 

14 

72 1 

626 1 

36 31 


36. 60 

Total 

20 

102 0 

890 6 

50 63 


51 64 

Average 


5 10 

44 53 

2 53 

400 

2 58 

1 

2 

11 8 

76 6 

4 93 


5 90 

C < 

9 

53 0 

430 5 

32 60 


32 78 

1 

4 

24 9 

213 5 

18 95 


18 23 

Total 

15 

89 7 

719 f) 

56 57 


56 91 

Average 


5 98 

47 97 

3 77 

404 

3, 79 
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GRADUATING THE DIAMETER AXIS 

Oa log “log cross-section paper, with the abscissa as d. b. h and 
the ordinate as volume, the average values obtained in the second 
classification (Table 1) are plotted. A curve is fitted to the plotted 
values after proper weights have been assigned, as shown in the left- 
hand curve of Figure 1 It may be shown that the variation in the 
points from a smooth curve is due to differences in the height and form 
factor of the average tree. Column 6 in Table 1 shows the cylinder 
form factor of the average tree in each class Figure 2 shows the 



I 15 2 3 4 5 6X7 89 10 15 2 3 4 5678 910 

0 B H (INCHES) HEIGHT (FEET) 

Figure 1 —Curves showing method of establishmg diameter and height axes 


extent of these variations and their relation to diameter It is readily 
seen that slight changes m form and average height cause the plotted 
points to deviate from a smooth curve The diameter classes above 
12 inches show more radical changes in form factor, hence greater 
deviation from the trend of the other plotted values In cases where 
more data are available the curve tends to become smoother owing to 
better sampling 

By using any convenient point near the left of the paper (in this 
case at abscissa value 2) the d. b. h. axis is established If, now, the 
d. b. h. volume curve is used as a graduating curve, the graduations 
for d. b. h. may be placed on this axis. Even inches only are grad- 
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'Tablk 2,—ClmKijicahon of hce^ hij Imqht rcqauUe^ss of <I h h 


1 

Height, class (fcot) 

Tiees 

M\)tiil 

height 

Actuul (roe 
volume 

Tahulai 

\olunio 


Nh mlwi 

M 

Cii It 

('It ft 


( 

220 9 

9 sa 

9 89 



107 0 

5 31 

5 45 

,t() - . . ■ 

! 2 

76 (. 

4 93 

5 90 


1 

at) 6 

3 37 

4 01 


1 1 

37 6 

4 42 

i 95 

q'otiil 

13 

480 5 

27 89 

30 23 

A\eiuge-- - _ - - 

36 96 

2 14 

2 32 




4 

180 6 

7 42 

”7 41 


U 

62f3 1 

36 31 

36 60 


9 

430 6 

32 69 

32 78 

40 

6 

226 0 
133 6 

20 42 
23 66 

23 52 
20, 98 


3 


3 

146 4 

30 25 

27 55 


1 

45 5 

12 66 

10 70 


1 

46 6 

11 64 

12 85 

Total 

40 

1,834 1 
46 85 

174 86 

172 39 

Average - - - 

4 37 

4.31 




1 

66 0 

2 43 

2 32 


3 

157 6 

8 98 

9 69 


4 

213 5 1 

18 % 

18 23 


1() 

883 4 

96 23 

99 17 


17 

940 6 

133 74 

134 22 

50 

6 

282 5 

63 31 j 

62 40 


13 

742 0 

170 64 

166 20 


3 

109 7 

43 97 

43 15 


1 

67 6 

16 49 

16 60 


1 

62 0 

10 19 

17 50 


1 1 

68 6 

33 10 

30 40 

Total 

65 

3, 612 2 

65 67 

594 03 

589 88 

Average. - 

9 14 

9 08 




5 

326 2 

37 25 

40 12 


3 

188 C 

28 39 

29 85 


6 

374 8 

71 03 

71 60 


12 

746 6 

162 31 

164 90 


n 

711 5 

192 57 

191 30 

00 

7 

466 0 

137 09 

138 60 


3 

198 6 

81 10 

73 70 
90 30 


a 

200 9 

76 16 


1 

68 8 

3t) 45 

34. 30 


1 

63 5 

45 (>7 

47 00 


1 

68 6 

60 39 

56. 60 

Total 

53 

3,401 9 

921 41 

t)38 17 

Average - - 


(>4. 19 

17. 38 

17 70 


f ™ 3 

” 226 ^ 4 "" 

“*'^50*21 

52 30 



143 8 

32 18 

36 95 


I 

71 0 
302 1 

22 H7 

22 00 

70 - - 

4 

116 14 
13t) 45 

113.40 
137 20 

29 a 5 


4 


7 

532 8 

285. 61 

2K7. 10 


1 

76 0 

52.91 

50 SO 


i 

291 8 

194.02 

211.40 

Total--- - - - 

26 

1,936 4 I 
74 47 

893 39 

911 15 

Average.— 

34 36 

35 04 






f 

247 9 I 

104 16 

90 !() 


5 

412 7 

182 99 

ISO 10 

80 


86 0 

48 16 

45 00 


1 - 

1()2 6 

115 19 

103 60 


1 1 

89 0 

77 67 

(>9.00 

Total- - 

12 

997 1 

528 16 

493 70 
41 14 

Average.- - 

83 09 

44 01 



Grand total---,.— - — _ . 

209 

12,262 2 

3, 139 73 

3, 136 52 
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duce a cylinder having a volume equal to that of the cyhnder first 
assumed is computed Construction lines between the d b h. and 
height values of these two cylinders are drawn, and the mtersection 
of the two lines in the location of the volume axis Repetition of this 
process for several assumed d b h height values will show the exact 
position of the axis 

It will be found m this case that the volume axis is parallel to the 
d b h and height axes and nearer to the d b h than to the height 
axis Its exact location depends upon the range of the d. b h and 



height values and the spacing of their respective axes A check of 
the location of volume axis is necessary in constructing a volume table 

GRADUATING THE VOLUME AXIS 

Utilizing the average values m Table 1 (Columns 3, 4, and 5), 
place a straight edge on the d b h and height values and mark the 
intersection on the volume axis, as shown by the dotted construction 
lines for the 6-inch and 13-inch d. b h classes in Figure 3 Using the 
abscissa as the actual tree volume, the average volume value is plotted 
on the abscissa horizontally opposite the intersection obtamed by the 
pairing of the average d. b. h.-height values The double dot and 
dash construction lines in Figure 3 show the method of locatmg the 
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ual(‘(lin l-i'igure 1, to avoid coiifiisioti Tho f>raduatioiis are obtained 
by tracing vertically fioin the desiieil d. b. h. value on the abscissa 
to the graduating curve intei section, thi'U liorizonl.ally to (he axis. 
The dotted line (lig 11 X Y-Z shows tlu' metiio<l ol locating the (i Ti- 
inch gi-aduation. 

GRADUATING THB HEIGHT AXIS 

Utilizing the values obtained in the third classilication (Table 2), 
a curve of volume on height is plotted. Volume is the dependent or 
ordinate value and height is the independent or abscissa value Se- 
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Figure 2 —Curve showing extent of tree volume vaiiations and average form-factor values for 

each diameter class 

leotmg any convenient point near the right side of the graph paper, 
the height axis is set up. Using the height-volume curve as a grad- 
uating curve, the height values are placed on the height axis in the 
same manner as for the d. b h axis Again, divergence of the plotted 
values from a smooth curve is due to fluctuations in the form factor 
of the average tree in the height classes 

LOCATING THB VOLUME AXIS 

To locate the volume axis in cubic volume tables, any convenient 
d. b. h. and height may be assumed and the volume of a cylinder of 
these dimensions computed Another cylmder 2 or 3 mches larger or 
smaller than the first is then assumed and the height necessary to pro- 
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For purposes of comparison with the actual tree volumes, the tab- 
ular values are totaled by classes. The grand total of the actual tree 
volumes is compared with the grand total of the tabular volumes 
To compute the aggregate percentage deviation^' of the table, the 
difference between the actual and tabular volumes is obtained. This 
difference multiplied by 100 is divided by the total volume of the ac- 
tual trees A plus or minus sign is assigned to the result depending 
on the greater volume, tabular or actual 

The usual limit of accuracy for standard volume tables applicable 
over a large area is 1 per cent In this particular case the aggregate 
percentage deviation is ~ 0.134 per cent, which is well within the re- 
quired limit 

A low aggregate deviation does not necessarily mean that the table 
as constructed is accurate, since too low volumes in the smaller diame- 
ters might offset too high volumes in the larger diameters, or vice 
versa A graph of tabular volume (Table 1, column 7) plotted on 
actual tree volume (column 5) on log -log paper will plot as a straight 
45-degree line through 1-1 provided the work is correct. Figure 4 
shows a graph in which the plotted values are the averages by d b h 
classes from Table 1 

Failure of these plotted values to produce a 45-degree Ime through 
1-1 means that the volume axis should be regraduated in those por- 
tions as indicated by divergence from the 45-degree line^ This 
IS accomplished by reading the ordinate volume value first and then 
the abscissa value from the curve as the corrected volume graduation 
Reading of these corrected volume values at mtervals depending upon 
their magnitude, will allow replotting over the abscissa values on the 
chart and a new volume graduating curve is produced The volume 
axis may now be regraduated and the new individual tree volumes 
reread from the chart The graduations^ on both the diameter and 
height axis should be carefully checked if considerable variation m 
tabular values is noted Recomputation of the aggregate percentage 
deviation should produce a lower value 

The average percentage deviation is foimd by determming the per- 
centage deviation of each individual tree volume from its chart vol- 
ume The total of these individual deviations taken without regard 
to sign, multiplied by 100, and divided by the number of trees, gives 
the average percentage deviation The limit of this average deviation 
for standard volume tables should not exceed ± 10 per cent The 
table here produced gives an average percentage deviation of ±7.74 
per cent 

PREPARATION OF THE FINAL TABLE 

The volume table may be read from the alinement chart and tabu- 
lated in the conventional form (Table 3 ) Volumes are read for 
any desired d. b h and height interval in the same manner as 
explained above. 

Using the alinement chart itself for determining tree volume makes 
interpolation unnecessary For practical application it is, therefore, 
simpler to use the chart in its finished form rather than in the con- 
ventional table form. 


< Reineke, L. H , and Bruce, D Op cit 
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volume values for the 6-iuch and 13-inch classes, and these are re- 
spectively weighed with the number of trees m those classes 

A smooth curve is fitted to the plotted volume values thus obtained. 
It will be noted that the_ divergence from & straight lino in these 
plotted values is less than in the case of tlie first curve, since d, b. h. 
IS now associated with height, and the latter tends to inlluenoo the form 
factor m the reverse direction 

The volume graduations may now be placed on the volume axis, 
the volume ciiiwo being used as a gradiiatmg curve. In Figure' 3, 
the major volume values are shown on the volume axis. 



Figure 4 —Curve showing relation of tabular volume to actual tree volume 

DETERMINATION OF ACCURACY 

In order to check the accuracy of the graphic work (4) and to de- 
termine the lirmts of applicability of the table,_it is necessary to read 
from the completed chart the volume of each individual tree used in 
its construction. 

To determine the volume of any tree, a straight edge is laid on the 
chart intersectmg the d b h. and height values on their respective 
axes. The volume of the tree is read at the point where the straight 
edge intersects the volume axis. These values are shown as tabular 
values in column 7 of Table 1. 
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DISCUSSION 

Previous alinement chart technic for v'olume t.abl(» construction lias 
utilized base chaits for standard solid figui’es, c,ylindri(‘.al, parabolic 
or (*nnc frustums, depending on the type of table desired The i-echmc 
has been based upon (‘.oi'relation of the tr(*e volumes witji these base' 
charts, The technic here developed departs from previous pra<itice 
in that base charts arc not utilized. 

Previous technit*. in volume table construiition lias first (‘correlated 
the dependent variable, volume, followed by a fitting of th(^ inde- 
pendent vaiiables, d b h and height The present technic departs 
from previous pracdace again in that the independent vaiiables are 
set up first, then the dependent variable, volume, is correlated witli 
the two independents. Meyer (6) has simultaneously developed the 
same general principle of correlation luit used a base chart with which 
to correlate first the independent, then the dependent variables 

Comparison of the present technic with previous techni(‘., using 
identical data, indicatc's a saving of time in (*onstruction of graphs 
and in rcdiuiod (uirrolations In the comparisons made, the average* 
percentage deviations obtained were in each case reduced by the 
present technic, the reduction ranging from 0 4 to 1 1 per cent 

T\blk 3 — 'Mei chantnbU volume** of ml oah vtani Penmijlvama^ 1930 


D b h (inches) 

Volume (cubic feet) of tioes of total height (feet) indicated 

Basis 

mini- 

30 

40 

50 

60 

70 

80 

90 

her of 
trees 

4 

1 24 

1 52 

1 86 



1 


11 

5 

1.81 

2 22 

2 75 




1 

20 

ft 

2 60 

3 20 

3 93 





in 

7 

3 60 

4 50 

5 47 

ft 60 




27 

8 

4 70 

5 80 

7 07 

1 8 80 




24 

1) ' 


7 20 

8 95 

10 00 

13 00 



14 

10 


8 95 

10 90 

13 20 

15 ftO 



29 

11 


10 55 

32 75 

15 40 

18 60 

[ 


17 

12 



15 00 

18 10 

21 90 

1 2.5. 00 i 


0 

13 



17 90 

21 70 

26 20 ' 




14 



21 60 

2ft 60 

)2 00 

30 30 

39 00 

12 

15 



25 80 

31 50 

38 00 

4,1 00 

46. 00 

10 

16 




37 00 

44 40 

50 00 

,54 00 

,1 

17 




42 70 

51 00 

1 58 00 

02 00 

n 

18 




49 00 

58^()5' 

f>5 60 

()0 00 

2 













209 


« Volume includes stem and limbs inside bark above a l-foot stump Utilization limit is 2 inches inside 
bark Heavy line indicates range of basic data Aggregate percentage deviation Table 0 U4 per cent 
low Average percentage deviation ±7 74 per cent Data collected m 1930 by A 0 IVlclntyre and T A 
Liefeld 


SUMMAEY 

A teclmic for the construction of alinement chart volume tables 
has been developed Graduating curves for d b h and height arc 
plotted on log -log cross-section paper, and these two independent 
variables are then correlated with the dependent variable, volume, 
to produce the finished chart. 

Except m the case of meager data, no axis regraduatioii is necessary 
since the initial graduations conform strictly to the variations in 
form factor of the trees measured. 
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BIOLOGY AND HABITS OF THE STRAWBERRY LEAF ROL- 
LER, ANCYLIS COMPTANA (FROEL.), IN NEW JERSEY ^ 


By David E Fink 

Eiitomolcqisl, Division oj Insect Toxtcoloqij and Physiology, Bureau of Entomology 
United States Department of Agnciiltuie^ 


INTRODUCTION 

A severe outbreak of the strawberry leaf roller (Ancylis comptana 
Froel ) ® occurred on a 40-acre strawberry field in the vicinity of Hart- 
ford, N J , m 1920, and although extensive spraying was done the 
results were negative The available literature on the strawberry 
leaf roller at that time furnished very meager information as to its 
biology and none concerning the feeding habits of the young larvae 
The biology of the insect in New Jersey was, therefore, investigated 
for the purpose of finding a vulnerable stage in the insect's 
development 


HISTORICAL REVIEW 


Probably the first reported injury by the leaf roller in this country 
IS that mentioned by Riley (8) ^ as occurring in northern Indiana in 
1866 Riley observed the insect in 1868 and concluded that it was 
two brooded and passed the winter in the pupal stage Observations 
made in Kentucky in 1890 by Qarman (7) indicated that the leaf 
roller was four brooded and passed the winter in the larval stage, 
maturing the following spring Somewhat more complete accounts of 
the insect and its habits were furnished by Stedman (10) in 1901, by 
Smith (9) m 1909, and by Webster (11) in 1918 According to Smith, 
who observed the insect in New Jersey for many years, the eggs are 
laid on the underside of the leaves and the larvae wander to the 
upper surface as soon as hatched and, for a day or two, feed openly on 
the upper sxirface Smith also stated that the winter is passed by the 
leaf roller in the pupal stage Stedman, reporting from Missouri, 
and Webster, from Iowa, state that the larvae, as soon as they hatch, 
spin silken webs under which they feed Stedman found the young 
larvae on the upper surface, and Webster found them on both siir- 
fac.es, but he states that the under surface of the leaves is preferred. 
No mention of the hibernating habits is made by Stedman, but Web- 
ster states that in Iowa the winter is passed by the leaf roller as a 
mature larva which in early spring pupates without feeding. Other 
writers have frequently reported the presence and destructiveness of 
the leaf roller, and recently Dunnam (1) has published the results of a 
season's observations in Iowa on its life history and control 

Although many conflicting observations regarding the life history 
of the leaf roller were recorded by the early workers, the more recent 
reports, especially those of Webster, have been substantiated by the 


1 Received for publication Sept 25, 1931, issued May, 1932 

2 At the tune these studies where made Dr Rmk was assigned to the Riverton, N J , laboratory of the 
Division of Truck Crop Insects 

Order Lepidoptera, family Olethreutidae, subfamily Rucosmmae 
* Reference is made by number (italic) to Literature Cited, p 557 
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SYNONYMY 

This species was first desenbed by Froelich (<?, p. 99) in 1828, as 
Totinx comptana Specialists working on this group have since 
placed It m the genus Ancylis. Its sjTaonymy includes the follow- 
ing names. 

Ancylis comptana (Fioclich) 

Toitnx comptana Fiochch, 1828 
Phoxoptenx comptana Duponcliel, 1844 
Anchijlopei a comptana Wilkinson, 1859 
Giaphohtha (Phoxopte7yx) comptana Heinemann, 1863 
Graphohtha conflexana Walker, 1863 
Anchijlopera fraganae Walsh and Riley, 1869 
Ancyhs comptana Feinald, 1903 



FKrURio 1 •—'The strawberry leaf roller A, Eggs on the underside of a strawberry leaf, B, 
folded leaf opened to show a larva, C, a leaf opened to show the pupa, D, the moth 
All X 4 


THE MOTH 

DESCRIPTION 

The moths average slightly over 1 cm across the outstretched wings 
The general ground color is light to dark reddish brown The fore 
wings are reddish brown streaked with darker brown and white lines 
When the moth is at rest there can be seen on the base of the folded 
wings a dark area forming a conspicuous deeper bi’owm patch across 
the middle of the back. The hind wings are dark gray, and both 
wings have long fringes (Fig 1, D ) For a more detailed descrip- 
tion, furnished by Fernald, the reader is referred to Forbes (5). 
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writer in his studies of the insect in New Jersey [11 t.he following 
pages many additional facts regarding the habits and biology of the 
leaf roller are recorded 

DISTRIBUTION AND MEANS OF DISPERSAL 

Of European origin, the strawberry leaf roller has been known (o 
exist in this country for more than half a century. From the records 
available it appears that this species is distributed in the North from 
the Atlantic coast to the Pacific coast and from Canada southward to 
Virginia, Kentucky, Kansas, Colorado, and California, which, with the 
exception of Louisiana and Arkansas, form the southern limit of 
distribution It seems to be most destructive in the upper Mississippi 
Valley and in some of the Atlantic Coast States There are no 
records of its occurrence m most of the Southern States 

Local infestations of strawberry fields are often caused by the flight 
of adults from infested fields On the other hand, infestations of 
widely separated localities may be brought about by the importation 
of infested plants Plants obtained from an infested region may 
harbor lioth eggs and larvae A careful grower may notice the rolled 
or folded leaves that harbor the more mature larvae and remove them 
before setting the plants in the field It is, however, practically 
impossible to discover all the very young larvae or eggs that may be 
on the plants 

NATURE OF INJURY 

The att-aek of the strawberry leaf roller is confined entirely to the 
leaves of the plant. Besides the actual injury to the foliage caused 
hj the feeding of the larvae, the normal life of the plant may be 
disturbed by the folding or rolling of the leaves The withering of 
the leaves results in malnutrition of the exposed fruit, which also 
withers and shrivels In severe infestations the foliage of infested 
strawberry fields looks as though it were scorched or burned, and the 
fruit becomes deformed and small in size and all tends to ripen at one 
time 

BEDS 

The greatest amo\int of injury to old strawberiy beds is apparent 
during June at the end of the first generation of larvae ''Fhe great- 
est injury to newly set fields is cause<l by larvae of the second and third 
generations during the summer. In the fall, owing to the heavy 
growth in foliage of both old and new strawberry plants, injury is 
not severe imless accompanied by dry weather 

Growers in localities suffering "from depredations by the strawberiy 
leaf roller believe that the losses from reduced yield and poor quality 
of fruit may amount to as much as 50 per cent of the normal crop, 

FOOD PLANTS 

Fortunately the food plants of the strawberry leaf roller arc very 
limited, and injury in this coimtry is confined mostly to the straw"- 
berry, raspberry, and blackberiy However, the writer has found 
it feeding on clover growing in a strawberiy field Fernald (3, i) 50) 
mentions the following as European food plants* PotenfiUa opaca^ 
P. verna, P cinerea^ Dryas octopetela, Potenum smiguisorbOf Thymus 
serpyllum, and Teuerium, 
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Dunnam {1) recoids the average life of 30 females as 14 73 days and 
of 25 males as 16 56 days He docs not state, however, the months 
m winch the data were recorded 



J<)21 

PARTHENOGENESIS 

To ascertain whether parthenogenesis occurs, immated and mated 
females were cotifined m separate cages with suitable food plants 
B>om 10 iinfortilixed females thus confined no eggs were recovered, 
but in cages containing fertilized females kept under similar condi- 
tions oviposition occurred. Dunnam {1) states that some unferti- 
lized females in his cage experiments deposited infertile eggs 



Figure 3 —Numbori, of eggs deposited by 136 females of the strawberry leaf roller, grouped into 
classes and each class represented by its mid-point Riverton, N J , 1921 

FECUNDITY 

There is considerable variation in the number of eggs that a i^aoth 
may deposit. Records were kept of the number of eggs deposited by 
136 moths, and these are represented graphically, in Figure 3, m which 
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FLIGHT AND PROTECTIVE HABITS 

1[ the moth is disturbed it flies swiftly and erratieally from row to 
row and when it alights on the foliage luns rapidly and seeietes itself 
a short distance from w'^here the flight ended The moth is ])ro])ably 
protected to some extent by the coloration of its fore wings, since the 
dark -brown spot u])on a reddish background blends with the surround- 
ing foliage When food plants are abundant, the insects do not fly 
far Some individuals, however, may find their way to considerabre 
distances and infest new fields Careful measurements of the dis- 
tance covered by the moths in a single flight showed a range of from 
a fevr yards to 50 feet 

EMERGENCE, COPULATION, AND OVIPOSITION 

The spring adults emerge from the pupae formed from overwinter- 
ing larvae The date of emergence is governed largely by weather 
conditions In New Jersey, in 1920, moths were observed in straw- 
berry fields the latter part of April, m 1921 they appeared in the fields 
March 28. In the latter year the month of March was abnormally 
warm 

Mating was seldom obseived in the field Of several bundled 
pairs kept in the breeding house for egg lecords only about six pairs 
were seen m copula This number was sufficient, however, to indi- 
cate the method and duiation of mating As is the case with many 
other moths during copulation, the body of the male is extended m 
line with that of the female and faces in the opposite direction One 
pair of moths was observed in copula for over an hour and a half, 
other pairs for 20 minutes In the cases observed copulation occurred 
within a day after emergence, and eggs were deposited three days 
after mating 

The eggs are normally deposited on the undersides of the straw- 
berry leaves, occasionally upon the upper surface of the leaves, and 
rarely on the steins Females confined m cages deposited their eggs 
on both surfaces of the leaves and sometimes deposited as many as 
20 or more upon a single leaf, but this may be attributed to their 
confinement In the field usually but one egg is laid on a. leaf 
Sometimes two or three, but rarely more, are found upon a single 
leaf. A female may deposit from 20 to 80 eggs during its active 
oviposition and may repeat the process at intervals of two to three 
days until all the eggs have been deposited Oviposition in cages 
takes place at dusk, and this apparently is true also under field con- 
ditions, since at sundown the moths apiiear to be most active in their 
flights about the infested fields 

LONGEVITY 

Determinations of the longevity of moths are based upon records 
of paired individuals used for breeding purposes The records show 
that the average life of the male is eight days, but the average life 
of the female varies somewhat with the season As shown m Figure 
2, the average length of life based on 47 females in April is 17 days; 
of 34 females in June, 15 days, and 55 females in August, 12 days 
Generally it appears that cooler weather is favorable to longevity m 
this species. 
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the base of the leaf, or very often aJong the side of a vein (fig 5) 
The small larvae gradually construct an overhead covering by spin- 
ning threads of silk from side to side This retreat is at first not much 
longer than the young larva., but as the feeding area is extended the 



Figure 5 -Feeding areas and the retreats constructed by young larvae of the 
strawberry leaf roller on the undereide of a strawberry l6^f. X 2 

tubelike tent is lengthened and broadened to accommodate the in- 
sect’s growth. Within three or four days the retoeat resemblp a 
little funnel, with the narrower end toward the base ot the leaf, 
or if the construction starts along a single vem it may resemble a 
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it is shown that the greatest number of females deposited from 20 to 
70 eggs. The average luiinber of eggs deposited by the moths in dif- 
ferent months of the year was found to bo as follows: April, 38 6, 
flime, 59.5, August, 52 5 These figures arc based on 47, 34, and 55 
females, respectively. Webster {11) states that the average number of 
e^gs laid by 35 females was 72 9 T)iinnam (/) found that the number 
of eggs laid per day ranged from 1 to 07 and that the average number 
laid per female was 85 1, 

THE EGG 

DESCRIPTION 

The egg viewed from above is oval, and has an irregular basal 
surface which is attached to the leaf. (Fig 1, A.) As light plays 

upon the reticulated surface 
there is a display of irides- 
cence. The egg when first 
laid is pale green, blending 
with the natural color of the 
lower surface of the leaves. 
With the development of the 
embryo the color changes to 
yellowish, which indicates 
that hatching is imminent 
The average dimensions of 
the eggs measured wore 
0.378 by 0 648 mm 

INCUBATION 

The time required foi the 
incubation of the egg de- 
pends upon seasonal con- 
ditions. In April the eggs 
hatched in from 14 to 17 
days, during June and July 
in from 6 to 8 days, and 
during August in from 5 to 
9 days Temperatures for 
three of these months arc 
shown in Figure 2 ^ Web- 
ster {11) found that in Iowa 
during May, 1919, the eggs 
hatched in 11 1 days and 
during July and August, 
1915, in from 3 to 12 days 
Dunnam {!) does not mention the month during which his experi- 
ments were conducted but states that their ‘^optimum for develop- 
ment” seems to be eight days at 73.02^^ F. 

THE LARVA 

RETREATS AND FEEDING AREAS 

After emerging from the egg the larvae move slowly over the under 
surface of the leaf, feeding a little imtil a suitable place over which to 
construct their protective sdky retreat is found. This tubelike shelter 
is generally constructed in the angle formed by two veins (fig. 4), at 
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After the second molt the larva measures 3 21 mm m length. In 
appearance it resembles the larva of the previous stage, and very- 
little change in color or other characters is noticeable. The head 
width 18 0.396 mm. The duration of this mstar averages 4 days. 


Fourth Instar 

After the third molt the larva measures 4 5 mm in length. The 
body <‘olor ranges troni yellowish green to dark green There are 
four pairs of Jiglit liyaline 
tubercles or proinmenees 
on each body segment, two 
pairs on the dorsal surface, 
and a pair on each side 
The setae aie distributed 
as in the former stages, 
but are much longer and 
m 0 r e pro mmen t The 

width of the head is 0 558 
mm The duration of this 
mstar averages 4.8 days 

Fifth Instar 

After the fourth molt the 
larva grows rapidly, and 
when mature measures 1 2 
mm (one-half inch) in 
length and 1 5 mm in 
width (Fig 1,B.) The 
general color is gray-brown 
above and gray beneath, 
with the head' yellowish 
brown In other respects 
it resembles the previous 
stage. The duration of 
this instar averages 6.2 
days. 

nURATION LARVAL RERIOD 



The duration of the lar- 
val period of the two snm- 


FiaiTRE 7 —strawberry leaves folded or rolled in diUerent ways 
by the larvae of the strawberry leaf roller X >4 


mer generations averaged 24 4 days; that of the last generation, 
which hibernates, averaged 178 3 days 


MOLTS 

From a large series of experiments it has been determined that in 
the spring and summer the larvae ordmarily molt four times. During 
periods of irregular temperature, in the fall, however, larvae that will 
hibernate continue to feed when the weather is warm and remain 
inactive when it is cool As a result of this prolonged feeding the 
larvae may undergo several additional molts before cold weather 
makes them entirely inactive. In regard to larvae kept under obser- 
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simple irregular tubular tent close to the vein With further growth 
of the larvae the ictreats first made may lie abandoned and others 
constructed m new feeding areas Very often when two leaves touch 
or overlap, the larvae web them together at the point of contact and 
feed within the webbed area 

After the larvae become more than half grown they migrate from 
the under to the upper surface of the leaves Here they spin threads 
of silk attached to either side of the natural depressions formed by the 
mid veins, and fold the leaves lilve the wings of a butterfly. (Figs G 
and 7.) Very often one edge of the leaf is folded or rolled ^ The 

larvae continue to feed until full 
grown and eventually transform 
to pupae within these leaf in- 
closures. If the larvae are dis- 
turbed and dislodged from their 
inclosures new leaves are rolled 
or folded. 

During its entire growth the 
larva feeds on either the upper 
or lower surface of a leaf, leaving 
the epidermis of the opposite sur- 
face intact. 

DESCRIPTION OF LARVAL STAGES 

The descriptions below and 
the duration given for the differ- 
ent instars are based on obser- 
vations of 48 individuals of the 
second generation 

First Instar 

The first-instar larva measures 
slightly more than 15 mm in 
length, with the head and thorax 
much wider than the rest of the 
body The head measures 0.18 
mm in width, is brown, and the 
tips of the mandibles are red; the 
rest of the body is pale green. 
Many long setae are scattered 
over the head and from four to 
six are found on the sides of each 
thoracic and abdominal segment, those on the anal segment being the 
longest. The duration of this instar averages 3 8 days. 

Second Instar 

After the first molt the larva measures 2 5 mm in length, the head 
and body being of uniform width. The body color varies somewhat 
between light green and pale yellow. The setae are arranged as m 
the first instar The head across its widest part measures 0 252 mm 
The duration of this instar averages 3 4 days 



Figuee fi —The silk strands spun by the larvae of the 
strawberry leaf roller on the upper surface of the leaf 
preparatory to rolling or folding the leaf X 2 
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DUliATlON OF PUPAL STAGE 

The piipup, as by I.Ikhp ac.livity, aro sensitive to light. 

They aro iimible to develop at or above 40° C oi at and below 10° C. 
In April the duration of t.he, pipial period averaged 12 8 days, m June 
f) 8 days, and in August (> 2 days. (Fig 2 shows the temperatures 
during those months ) 

Webster (/ /) sta(.es that from meager data the length of this stage 
in Iowa in April and May was found to be from 14 to 18 days; in the 
summer niontlis it averaged (i (> days 

DURATION OF LIFE CYCLE 


Although m breeding experiments under laboratory conditions the 
average duration of the life cycle, of the first generation is 51 4 days 
and of the second generation 37 9 days (Table 2), it is evident from 



FuniRK 8 — Oraph showing iho t,lnio intervals of tho various stages and instars of the three genera- 
tions of the stiuwlxury loaf roller uiidoi lahoratoiy conditions, JRiverton, N J , 1921-22 


field observalions lihat the. time may be longer if climatic conditions 
are unfavorable In such mstjuices temperature and moisture are 
probably the controlling faetore, since food, in the strawberry beds, 
IS nearly always abundant The generation that mcludes the hiber- 
nating larvae is of coui’se of longer duration, the average length being 
198 1 days. (Fig 8 ) 

NUMBER OF GENERATIONS 

Insectary breeding experiments show that, when considered from 
the first eggs laid, the msect had three complete generations and a 
partial fourth; and when considered from the last eggs laid it had 
two complete generations and a partial third Many la^ae of the 
third generation instead of transforming into pupae during August 
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vatioa during the fall as many as seven molts were observed, though 
hve 03- SIX were more common When mature, tliese larvae were larger 
and more robust than tliose of tlie summer generatioTi, as is shown by 
the head widths given in Table 1 foi the various instars. 


Table 1 — -Aiwiage head-width mea.surements of Imvae of the aii atvhet t y leaf rollei 


Dvleasuremeiit | 

Eixst 

instar 

Second 

instai 

nniiui 

mstar 

Eouith 

instar 

Eifth 

mstai 

Sixth 

instai 


Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Actual 

0 18 

0 252 ^ 

U 

0 558 

0 882 

1 285 

Calculated “ - 

18 

2o0 

m 

535 

77 

1 108 


“ Calculations of head widths were made according to Uvar (^) 


Table 2 shows the average number of days between molts of 
larvae representing three generations As would be expected when 
temperature is a contributing factor, the lengths of mstars of the 
first-generation larvae are somewhat greater than those of the second- 
generation larvae The longest interval recorded occurred between 
the last two molts of the larvae about to Inbemate 


Table 2 — Aveiage length of stages and instars %n the development of the stiawherry 
leaf lollei under laboratory conditions, Riverton, N J , 1921-^2 


Generation 

S’® j 

Fust 

instar 

Second 

mstar 

Third 

instar 

Fourth 

mstar 

Fifth 

instar 

Si\th 

mstar 

Pre- 

pupa 

Pupa 

Total 

First 

Days 
15 5 

7 0 

7 0 

Days j 
3 0 

3 8 

3 6 

Days 

3 9 

3 4 

3 3 

Days 

4 5 

4 0 

3 6 

Days 
b 7 

4 8 

4 5 

Days 

7 6 

0 2 

8 5 

Days 

Days 

2 5 

2 5 
142 0 

Days 
b 8 
b 2 
12 8 

Days 

61 4 
37 0 
198 1 

Second 


Third <* 

12 8 

i 


« Hibernating generation 

PREPUPAL PERIOD 


Upon reaching maturity the larva discharges the waste from the 
alimentary tract and remains mactive within the folds of the leaf 
where it has last fed It may increase the size of its silken retreat 
after cessation of feeding by spinning a few additional layers of web. 
The prepupal period in the summer usually lasts from two to three 
days The insect hibernates in the prepupal stage, which lasts, on an 
average, about 142 days This was determined by observations of 
the alimentary tract at intervals throughout the dormant period, 
which showed that no food was taken into the body in the spring 
prior to pupation 

THE PUPA 

DESCRIPTION 

The pupa (fig C) averages 8 5 mm in length and is yellowish 
brown when first formed, becoming daiic brown several days before 
the adult emerges. The dorsal surface of each abdominal segment, 
with the exception of the last three, bears two transverse rows of 
spines, those of the anterior row of each segment being stouter than 
those of the posterior row Each of the last three segments has a 
single row of spines. In addition, the last segment bears eight 
slender hairs which are more or less hooked at the tips 



006 


Apr 1, 1932 Biology and ITabds of the /Strawberry Leaf KolLer 

EFFECT OF TEMPERATURE CHANGES ON HIBERNATING LARVAE 

For tlio purpose of determining the influence which a mild or severe 
winter might have on a spring outbreak of the strawberrv leaf roller, 
a large number of larvae were collected late in the fall, before freezing 
Uunperatures o(‘curro(l These hirvac were divided into five lots and 
treated according to the following plan* Lot 1 was kept at a tempera- 
ture of 24"^ C , and every day 10 individuals were transferred to a 
temperature of 10^, kept for a certain period, and then placed at a 
tempeiature of 24^; lot 2 was kept at a temperature of 31*^, and every 
day 10 individuals were transferred to a temperature of 10°, kept for 
a certain period, and then placed at a temperature of 24°; lot 3 was 
treated like lot 2, except that after exposure to a temperature of 10° 
the larvae were again placed at a temperature of 31°, lot 4 was sub- 
jected to a temperature of 10° for a month and then kept at a tem- 
perature of 24°; lot 5 was subjected to a temperature of 10° for a 
month and then hold at a temperature of 31° 

[n Table 3 the column of figures listed under each temperature 
represents the number of days 10 larvae were held at that tempera- 
ture Under each lot the first temperature is the initial one For 
exam])le, under lot 1 the first lino means that the 10 larvae were held 
for 1 day at 24° 0 , then for 6 days at 10°, and finally for 5 days at 
24°, when some larvae pupated In the same lot the fourth line means 
that 10 larvae were hold at 24° for 3 days and at 10° for 16 days, when 
some larvae died. 

Table 3 — The effect of temperature changes upon hibernating larvae of the stiaw- 

berry leaf roller 

NUMBER OF LAYS LARVAE WERE EXPOSED AT TEMPERATURES INDICATED (® C ) 


Loll 


Lot 2 


Lots 

Lot 4 

Lots 

24« 

10° 

24° 

31° 

10° 

24° 

31° 

10° 

31° 

10° 

24° 

10° 

31° 

1 

0 

“5 

1 

0 

“5 

1 

11 

04 

30 

c3 

30 

“3 

2 

11 

«9 

2 

11 

«5 

2 

13 

«5 

30 

«4 

30 

«4 

3 

15 

*15 

3 

15 

a 4 

3 

10 

ft? 

30 

«5 

30 

«S 

3 

MO 


3 

10 

«4 

4 

U 

ft4 

30 

06 

30 

«6 

4 

14 

ft 8 

4 

14 

ftO 

5 

12 

ftS 

30 

fto 

30 

«7 

r> 

15 

ft 5 

4 

ft 14 


(> 

13 

ft4 

30 

ft8 

30 

ftfi 

n 

10 

ft 3 

5 

13 

ft2 

7 

ft 15 


30 

c8 

30 

‘‘K 

H 

M9 

.. 

5 

13 

ftK 

K 

10 

ft2 

30 

«12 

30 

«9 

9 

IK 

ft 5 

0 1 

ft 13 


9 

19 

ft 5 





10 

*• IK 


0 

10 

ftK 

10 

17 

ft 4 





10 

^23 


7 

15 

ft 3 

11 

18 

J>5 





13 

''2K 


7 

ft 10 









u 

J>27 


10 

ft 21 








1 

10 

'*0 


11 

ft 25 



1 






17 

^'5 






"I 






19 

ft 3 


















i 

i 




i 



« Some larvae pupated Some larvae died 


The results indicate quite clearly that with slight exceptions the 
mortality was greatest m those larvae activated by a high^ tempera- 
ture before they were subjected to a low temperature. This is strik- 
ingly revealed in the results obtained from lots 1, 2, and 3, which 
suffered a mortality of over 90 per cent. In contrast to the above, 
the larvae of lot 4 were not subjected to a high temperature, and con- 
sequently were not rendered active, before exposure to a low tempera- 
ture. When these larvae were exposed to a high temperature, devel- 
opment continued normally, and they pupated later with a death rate 
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continued to feed, grow, and molt, and finally passed the winter as 
lull-grown larvae Other larvae of the same brood transformed into 
pupae during August, and the moths emerged and deposited eggs 
The larvae of this partial fourth generation matured late in the fall 
and passed the winter successfully Similar conditions probably 
occur in the field, and from the finding of larvae of different sizes late 
in the fall it is supposed that these late-developing larvae came either 
from the last eggs of the second-brood moths, or from eggs deposited 
early in the fall by moths of the third generation 

HIBERNATION 

As stated earlier in this discussion, larvae developing in the fall 
grow much larger than those of the summer generations, and from 
two to three additional molts occur It seems evident that this 
extended period of feeding affords opportunity for the accumulation 
of a larger amount of adipose tissue, which probably serves the larvae 
during the period of hibernation. To determine the actual amount 
of adipose tissue formed, the fat content of the larvae of the summer 
generations was compared to the fat content of the hibernating larvae 
The experimental procedure was as follows Fifty mature larvae of 
the summer generations were weighed, macerated, and placed in an 
oven at 100® C until the material registered a constant weight 
The remains were then extracted several times with equal parts of 
alcohol and ether and the resulting loss in weight recorded From 
these data the percentage of fat was calculated Similar tests were 
made with the hibernating larvae^ The larvae of the summer genera- 
tions yielded 3 3 per cent fat, the hibernating larvae 8 7 percent, or more 
than double the percentage off at obtained from the summer larvae 

When hibernating larvae were dissected it was noticed that lobed 
layers of adipose tissue in striking abundance surrounded the alimen- 
tary tract. In larvae of the summer generations, however, no such 
extensive layers of adipose tissue were found 

With the advent of low temperatures in the fall (10® to 15® C ), feed- 
ing by the larvae ceases, and the waste products in the digestive 
tract are entirely eliminated. Numerous examinations made by 
dissecting hibernating lapae at intervals during the winter months 
showed that the digestive tract remains practically free of food 
material, with only a slight accumulation of waste material in the 
rectum, A reduction of about 15 per cent of the normal (83 per cent) 
water content takes place previous to hibernation, but to prevent 
further loss of water and to maintain the minimum consistent with 
successful hibernation it is necessary that the larvae be constantly 
surrounded by a humid atmosphere" This condition is maintained 
m nature by the position of the hibernacula in the moist leaf accumula- 
tions on the ground Experiments demonstrated that hibernating 
larvae placed m cages indoors would not survive the winter unless 
proper moisture was supplied. Hibernating larvae placed in a large 
tin container and kept moist passed the winter without injury. 

Throughout the winter months hibernating larvae are only slightly 
dormant and when subjected to a temperature of 27® C. transform to 
pupae withm from three to six days. That the larvae are extremely 
resistant to cold is shown by then survival m the colder sections of the 
country when protected by folded leaves only. 
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N J , more tha n a dozen species of parasites were reared A few proved 
to be new to science, and several species were observed to be of con- 
siderable economic importance m the natural control of the strawberry 
leaf roller They are listed below in the order of their probable 
importance. Macrocentnn^ ancylivora Rob , OremaMus cookh Davis, 
Spilocia/ptm e.miimihfi/n (''iish , Kxonuta pyHte Walk , Pensurola s]) , 



FkjUrk 9 — Parabiiofe of tU« strawberry loaf roller. A, larva of Macrocentrui ancyhvora 
emerging fiom a leaf-roller larva, B, three larvae of a species of Perisierola feeding on 
a larva of the strawberry leaf roller, C, strawberry leaf-roller larva bearing eggs of 
Exorisita pyste, I), cocoon of Sptlocryptus acannvlatus constructed after emergence 
from a pupa of the strawberry loaf roller All X 4 

Sympiesis ancylae Gir , Dibrachys meteori Galian, D aeneovindis 
Gir , Habrocyius sp , Pseudacrias (Pleurotropis) sexdentatus Gir , 
Sp'ilochalcis sp., Ep%uriiH indagator Walsh, Itoplectis conguwtor Say 
A4acroceniruH ancylivora (fig 9, A) is considered one of the most 
important of the parasites, since 60 per cent of the larvae of the straw- 
berry leaf roller collected during June and August were found parasit- 
ized by this species. It is a large yellow braconid, the body of the 
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of only 6 per cent. An exposure of less than four clays to a tempera- 
ture of 31® C. was apparently not of sufficient duration to activate 
the larvae, and when they were later subjected to a temperature of 
10® no injury resulted On the other hand, when larvae were siib- 
jected to a temperature of 31® for four days or more, activation and 
probably development progressed sufficiently to cause injury and 
death v^ien they were exposed to a temperature of 10®, but a sudden 
shift from 10® to 25® or 30® was not fatal, provided there was no fui ther 
exposure to temperatures below 10®. 

From the results here lecorded it appears that there is perhaps a 
particular stage in the development of the larvae at which hibernation 
may be successful, possibly a stage in which the concentration of 
certain ingredients permits the protoplasm to resist alow temperature. 
It is evident, therefore, that a sustained high temperature in the 
field for a sufficient length of time during the winter followed by a 
temperature of 10® C or lower would be sufficient to cause a high 
rate of mortality and preclude the possibility of an outbreak of this 
pest. 

When hibernating larvae become activated at a temperature of 
24° C for a sufficient length of time to cause development to proceed 
toward pupation, the resulting pupae were found to resist a tem- 
perature of 10® for only a short interval This was shown by the 
following observation* During examinations made when the tem- 
perature was 10® some pupae which had previously been exposed to a 
temperature of 24® were observed to have proceeded in their develop- 
ment to a point represented by a dark-brown coloration Under 
normal conditions moths would have appeared several days later, 
but further development was checked and death of the pupae followed. 
Other pupae of tne same lot similarly treated made no progress in 
development and died in the early part of pupal life. 

EFFECT OF TEMPERATURE ON PUPAL DEVELOPMENT 

The rate of development of the pupa was found to be greatly depend- 
ent, within certain limits, upon temperature conditions, as shown by 
the following experiments: Recently formed pupae were divided into 
six lots and when treated as shown completed development in the 
number of days specified — 

Lot 1 Pupae held at a constant tcmpcratuic of 20° C completed development m 
12 days 

Lot 2 Pupae held at a constant temporatuie of 24° completed dc\clopmcnt in 
12 days 

Lot 3 Pupae held at a constant tcmpcratuic of 27° completed development in 
5 5 days 

Lot 4. Pupae held at a constant temperature of 34° completed development in 
4 days 

Lot 5 Pupae held at a constant temperature of 40° died 
Lot 6 Pupae held at a constant temperature of 10° died 

From these data it is apparent that the limits of development for 
the pupae probably he between 15® and 34® C , with an optimum be- 
tween 27® and 34®. 

NATURAL CONTROL 

PARASITES 

It would appeal from the large number of parasites reared from the 
larval and pupal stages of the strawberry leaf roller that it is ordina- 
rily held m check by natural enemies In the vicinity of Riverton, 
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SUMMARY 


The stiawl)oiTy leaf roller feeds on tlie folia, ge of the strawberry, 
blackberry, and raspberiy and may become established in widely 
sepal ated localities tbrongh the transportation and setting out of 
infested plants. 

Fertilized females deposit from 20 to 120 eggs, usually on the 
under surface of the leaves, and the eggs hatch in from 5 to 17 days 
Until half grown the young larvae feed on the under sm'face of the 
leaves protected by sillcy retreats They then migrate to the upper 
surface of the leaves, which they roll or fold, and within these folded 
leaves they continue feeding and finally pupate The summer- 
generation larvae molt four times, and the hibernating larvae may 
molt six or more times 

The prepupal period in the summer generations lasts from two to 
three days and in the hibernating generation it lasts throughout the 
winter The pupal stage lasts from 6 to 13 days The life cycle, or 
developmental period, of the summer generations averaged 51 4 days 
for the first generation and 37 9 days for the second, and that of the 
hibernating generation averaged 198 1 days. 

Hibernation takes place m the prepupal stage within the rolled or 
folded strawberry leaves lying on the surface of the ground An 
increase in the accumulation of adipose tissue and a reduction of the 
water content of these larvae precede hibernation 
Experiments indicate that when hibernating larvae are subjected 
to a temperature of 24® or 31° C for four days or more and are after- 
wards placed at a temperatme of 10° for a considerable time a lugh 
mortality results If kept first at a temperature of 1 0° for a consider- 
able length of time and afterwards placed at a temperature of 24° or 
31°, pupation octnns and the mortality is very low 
Experiments with pupae indicate that the limits of pupal develop- 
ment arc between 15° and 34° C , with an optimum between 27° and 
34° 


The strawberry leaf roller is attacked by more than a dozen species 
of parasites of which the following are the most important Macro- 
ceritrm ancylwora, Oremastus cooknj Spilocnjptus exannulatus, and 
Exorista pyste. 
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female measuring 4 5 mm m length and having an ovipositor 5 5 mm 
m length The male is somewhat smaller, measuring 3 5 mm in length 
The biology of this parasite has been described by the writer (4) 

Oremuf^tuH coohi parasitized 15 per cent of the larvae of the straw- 
bciiy leaf roller collected during June and August This species is 
slightly larger than Macrocentrufi (wnyhvo/a, measuring from 6 to 7 
mm m length and having an ovipositor about two-thirds the length 
of the abdomen Although no studies of its biology were made, 
observations indicate that its habit of parasitizing the liost resembles 
that of M ancylivora 

Spilocryptus exannulatus parasitized from 5 to 10 per cent of the 
larvae of the strawberry leaf roller collected during June and August. 
The egg of this parasite is deposited within the larva of the host 
The latter, however, is able to develop and pupate, although the 
parasite larva eventually consumes the contents of the pupa It 
then emerges from the pupal remains of the host as a larva and spins 
about itself a white cocoon (Fig 9, D ) The pupal stage lasts from 
1 0 to 14 days The adult measures 5 5 mm in length, but its ovipositor 
is only 1 5 mm long The thorax and posterior part of the abdomen 
are black, and the anterior poi tion of the abdomen is yellowish blown 

A species ol Perisierola (family Bethylidae) parasitized only from 
2 to 5 per cent of the strawberry leaf-roller larvae collected dui*ing 
June The adult deposits several eggs on the abdomen of the host 
larva, and the parasitic larvae that hatch from these eggs insert 
their mouth parts through the epidermis and feed from the exteiior 
upon the internal contents of the host (Fig 9, B ) After two or 
three days the parasitic larvae attain full growth and, without con- 
structing a cocoon about themselves, fasten their anal segments by 
means of threads of silk to the leaf and transform to pupae in their 
larval skins, which eventually become jet black The pupal stage 
lasts from five to eight days 

The tachinid fly Exorista pyste parasitized 5 per cent of the larvae 
of the host The adult fly deposits from one to three eggs, either on 
the thorax or on the last abdominal segment of the host (B'lg 9, C ) 
The white, glossy, hemispherical eggs measure 0 456 by 0 27 mm, 
and their surfaces are reticulated The lower flattened surface 
adheies tenaciously to the skin of the host In hatching, the eggshell 
splits at one side close to the base, and the parasitic larva bores 
tlmough the skin into the interior of the host The host larva, 
however, is able to matme and transform into the pupal stage, and 
the parasitic larva, after consuming the contents of the pupa, emerges 
by breaking through the pupal skin of the host In many instances 
the puparium of the parasite was found jiartly within the empty pupal 
skin, indicating that pupation had occurred without the parasitic- 
larva entirely emerging from the host The puparium measures 4 
by 1 7 mm and is dark brown The pupal stage lasts from a week 
to 10 days If the host larva bearing eggs of this parasite happens 
also to be parasitized by Macrocentrus ancyhmra only the latter 
develops 

PREDACIOUS ENEMIES 

The strawberry leaf roller is also attacked by sevei’al species of 
predacious insects Tlie bugs Nabis ;ferus L. and Podisw viacnh- 
ventris Say and the beetle Oasnoma pennsylmnica L wore observed 
feeding on the larvae. 



EFFECTS ON COTTON OP IRREGULAR DISTRIBUTION 
OP FERTILIZERS^ 

By A L Mehuing, Associate Ckemisif Feitilizci mid Fixed NiUogen Investigations, 
^Bmeaa of Chcniishij and Boils, and G A. Citmings, Agricultural Engineer, 
Bureau oj AgncuUuuil Enqmeeiinq, United States Department of Agriculture ^ 

INTRODUCTION 

In 1929 the joint ooinmittee on fertilizer application,"* the South 
Carolina Agricultural lilxperinicnt Station, and the United States 
Department of Agriculture joined forces to study the efficiency of 
fertilizer distributors designed for use in growing cotton The field 
tests were conducted at two locations in South Carolina 
A previous paper gives the specifications of the 22 distributors 
selected for this work, the formulas of the fertilizers used, details of 
the experiment, and observations obtained in the field and laboratory. 
The field observations included measurements of the effects of the 
fertilizers on germination, earliness of blooming, rate of growth, and 
yield These results were pi’esented from tlie standpoint of the 
efficiency of the distributors 

Earliei studies ® ® have shown that distributors apply fertilizers 
unevenly along the row, owing to cycles of delivery and other causes. 
They differ widely, however, in the kind and extent of these varia- 
tions in delivery, as may be seen in Figure 1. It would be reasonable 
to suppose that such differences in distribution would produce cor- 
responding effects on the crop, but insufficient evidence is available 
to show the character or magnitude of these eflects 
The present paper §ives a statistical analysis of some of the results 
previously published, in order to show the differences in the effects of 
fertilizers on cotton when applied uniformly and with typical degrees 
of irregularity. 

PLANTING 

The results of the applications made by hand and by distributors 
Nos, 1, 2, 4, 5, and 8 in the previous study ^ were selected for this 
work, because the conditions surrounding them were substantially the 
same for each test, except that the fertilizers were applied with dif- 
ferent degrees of variability of distribution. The fertilizers were 
applied in open furrows, over which raised seed beds were formed and 
dragged to a uniform height Later examination of the placements 
showed that the fertilizei's were in bands 2 or 3 inches wide and 3 
inches below the surfacic The seeds were planted 1 inch below the 
surface at the rate of 1 every inch Thus in each instance the fer- 
tilizer was placed in narrow bands 2 inches below the seed. 


1 Received for publication Nov 13, 1931, issued May, 1932 

2 Credit IS due Avis J. Peterson, Fertilizer and Fixed Nitrogen Investigations, Bureau of Chemistry and 
Soils, for a large number of the calculations required in this work. 
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A coefficient of variability (V) may be used as a measure of the 
degi'ee of irregularity of distribution of the fertilizer It is calculated 
from the weights of material in consecutive parts of the row V was 
calculated for each machine from the weights of feitilizer delivered in 
40 consecutive 1-foot sections of row, and the values obtained cover 
the usual range in practice Special precautions were used in making 
the hand applications, and, although strictly speaking they could not 
be perfect, they may be considered uniform (y=0). These deter- 
mined values of V ^1 be used hereafter to designate the different 
degrees of variability of distribution 

Eight plantings, each consisting of a set of the several degrees of 
variability of distribution of the fertilizers, were made at intervals 
during a period of seven weeks The first six were made at the Sand- 



hills experiment station near Columbia in Norfolk coarse sand Five 
of these were destroyed by adverse weather before complete results 
could be obtained, and therefore no detailed report will be made of 
them. The last two weie made in Cecil sandy clay loam at Clemson 
College Each test consisted of four replicate plots in different parts 
of the field The plots were single 36-foot rows staked out of the 
middle of longer rows 

The rates of application of the 4-8-4 and 12-24-12 fertilizers were 
as close to 800 and 267 pounds per acre, respectively, as the various 
machines were capable of giving. The rates actually obtained were 
determined in each test and are shown in Table 1 The rates were 
such that the same amounts of nitrogen, phosphoric acid, and potash 
were applied^in^each fertilizer. 
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Standard deviations (a-) ol‘ tlic luimber of plants per foot of row were 
calculated, therefore, to determine the effect of each degree of varia- 
bility on unifonnity of stand Each value of <r, presented in Table 2, 
IS based on 144 leet of row . 

Tablio 2 — Htmidiml (Ivviaiiona (cr) of the numbers of cotton plants per joot of row 
for diffetent degiccs of vanahihfy of distribution (V) of fertilizers 


StunclartI deviations of numbers of plants per foot of row standing in— 


Kind of feilili/ci 

V 

Norfolk course 
sand, 1 Wanting 
No 6 

Cecil sandy clay 
loam, planting 1 
No 7 

Cecil sandy clay 
loam, planting I 
No 8 

Averages 
of the 
differ- 

<r 

! Pillcr- 
onces 
from 
checks 

<r 

1 

1 Differ- 
ences 
from 

1 checks 

i 

<r 

Differ- 

ences 

from 

cheeks 

ences 
from the 
checks for 
the three 
tests 


0 

2 09±0 08 

+0 05 

2 80+0 15 

+0 03 

3 88+0 15 

+0 37 

: +0 15 


8 

X 85=t: 07 

~ 19 

3 15+ 12 

1 - 38 

3 62+ 04 

+ 11 

+ 10 


9 

2 29± 09 

+ 25 

3 02+ 17 

1 - 25 

3 59+ 16 

+ 08 

1 + 19 

-o~4 - 

10 

2 10± 08 

+ 06 

2 91+ 31 

- 14 

3 76+ 17 

+ 25 

+ 16 


ir» 

2 30:1: 09 

+ 26 

3 03+ 26 

- 26 

3 98+ 16 

+ 47 

! + 33 


50 

2 03+ 10 

+ 59 

3 44+ 27 

- 67 

4 10+ 03 

+ 59 

+ 62 

None 


2 04+ 08 


2 77+ 18 


3 51+ 10 




0 

2 38+ 09 

+ 24 

1 82+ 16 

- 09 

3 12+ 11 

- 21 

- 02 


IS 

2 48+ 10 1 

+ 34 

2 09+ 15 

+ 18 

3 68+ 38 1 

! + 25 

+ 26 

1 O tuA 1 O 

20 

2 00+ 10 

+ 46 

2 28+ 27 

+ 37 

3 86+ 15 

1 + 63 

+ 45 



24 

2 83+ U 

+ 69 

2 34+ 06 

i + 43 

3 70+ 13 

1 + 37 

+ 60 


31 

2 78+ 11 

+ 64 

2 56+ 29 

+ 65 

: 3 72+ 21 

+ 39 1 

+ 56 


66 

2 83+ 11 1 

+ 69 

2 74+ 29 

+ 83 

4 08+ 11 

+ 76 i 

+ 76 

None 


2 14+ 09 


1 91+ 20 


3 33+ 19 





Figure 2 — Irregular stand of cotton due to irregulai distribution of 4-8-4 fertilizer appbed at a 
rate of 800 pounds per acre in a 2-mch band 2 inches below the seed The spacing of the bunches 
of plants in the foreground corresponds closely to the length of the delivery cycle (5 4 feet; 

The correspondence, however, in other plots was not so close as that shown here 

A certain amount of irregularity of spacing is due to irre^lar 
planting of the seed, which varied somewhat from an average of about 
12 seed per foot This variation was greatest in plantings Nos 7 and 
8 Part of the irregularity of stand was also due to differences m soil 
and viability of the seed. We may assume that all such effects on 
stand will be measured approximately by the value of <r for the ^fer- 
tilized checks. These causes should have had about the same effects 
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The same machines applied both fertilizers, but from the values of 
V it will bo seen that the degree of variability was greater m each case 
when the smaller quantity of the concentrated fertilizer was applied by 
the same machine 

With the greatest degree of irregulaiity, the fertilizer was deposited 
in the manner shown at A in Figure 1, and the lugh points in the 
delivery cycle were about 17 feet apart where roughly ten times as 
much fertilizer was deposited as at the low points With the smallest 
degree they were 3 8 feet apart, and the delivery rate vaiied from 20 6 
to 28 6 g per foot 

GERMINATION 

NUMBER OF SEED GERMINATING 

The Sixth planting was made on May 9, and at this time the coarse 
sand contained 5.3 per cent moisture. From May 17 until the middle 
of June rams fell every few days. Consequently the soil moisture was 
favorable during most of the germmation period. The fertilizers 
slightly delayed germination on this soil, as shown by the results 
of counts in Table 1. Pearson^s correlation coefficient, r, between the 
numbers of seedlings aboveground at the first count and the cor- 
responding coefficients of variability is 0 734 ±0 089 There was a 
de^te tendency, therefore, for more seed to germinate promptly 
where the fertilizer was irregularly applied At the last count there 
were no significant differences in the number of seedhngs due to 
irregular distribution. The percentage of germination was lower on 
all the plots feitilized with the 12-24-12 mixture in this planting 

Plantings Nos 7 and 8 were made on Cecil sandy clay loam contain- 
ing 15 47 per cent moisture on May 14 and 116 per cent on May 24. 
A rain amounting to 0.81 inch fell on May 27, but durmg the remainder 
of the germination period the ramfall was very slight There was no 
significant delay in germination on this soil, and the percentage of 
germination was the same with both fertilizers 

The results of other experiments on these soils where the same 
amounts of fertilizer were placed 2 inches below the seed, although 
not given here, also indicate that in light sandy soils the percentage 
germination is likely to be somewhat lower when fertilizers are uni- 
formly distributed than when irregularly distributed, but on heavy 
clay soils no significant differences occur as a rule 

SPACING OF THE SEEDLINGS 

Plants appeared simultaneously all along the rows on the uniformly 
fertihzed plots, but they came up in bunches at the low points in 
delivery on the Norfolk sand plots that were fertilized in a cyclic 
manner. Figure 2 shows hregular germmation due to the same cause 
m a later experiment on Ruston sandy loam Although the total 
number of seedlmgs finally appearing above ground in any one group 
of tests was approximately the same for each degree of variability of 
distribution, the seedlings were more uniformly distributed along the 
row on the uniformly fertilized plots. These plots had at least one 
seedlmg in each foot of row, and in a few cases as many as 3 con- 
secutive feet were bare on plots where F== 56 and 66. The last count 
for each plantmg was made after new seedlings ceased to appear, and 
the number of plants in each foot of row was counted separately. 
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fertilized ones, and they also varied less in size, as will be seen by 
comparing Figures 3 and 4 

The results of bloom counts are given in Table 4 Although some 
ol the figures are erratic, uniform distribution of fertilizer appears to 
be of real value in promoting early blooming. 


Figure 3 —A, Unfertilized cotton plants used as checks, B, unifoimly fertilized plants 

Table 4 — Number of cotton-plant blooms per plot as related to vaiious degrees of 
variability of distribution (v) of fertilizers 


Number of blooms per plot on plants standing in— 


Fertilizer and rat e 
of application 

V 

Norfolk coarse sand, 
planting No 6 

Cecil sandy clay loam, 
plautmgNo 7 

Cecil sandy clay loam, 
planting No 8 



July 

18-24 

July 

25-31 

Aug 

1-3 

Total 

July 
26- 
Aug 1 

Aug 

2-8 

Aug 

9-10 

Total 

July 
20- 
Aug 1 

j 

Aug : 
2-8 

Aug 

9-10 

Total 

i 


0 

14 

60 

27 

101 

53 

122 

60 

235 

43 

! 115 

64 

222 


8 

6 

54 

28 

87 

50 

81 

41 

172 

38 

95 

57 

190 

800 pounds 4”8-4« — 

9 

10 

4 

8 

46 

61 

24 

26 

74 

95 

47 

45 

i 105 

1 93 

35 

50 

187 

188 

40 

27 

i 103 
S3 

53 

45 

196 

156 


15 

8 

60 

26 

94 

48 

102 

46 

! 19b 

23 

! 105 

64 

182 


5b 

8 

56 

33 

97 

52 

88 

46 

186 

28 

100 

52 

180 

None 


0 

0 

1 

1 

13 

59 

34 

106 

4 

25 

13 

42 


0 

b 

40 

19 

65 1 

50 

84 

63 

197 

23 

105 

28 

15b 


18 

4 

41 

21 

6b 

43 

92 

45 

180 

20 

92 

34 

14b 

207 pounds 12-21- J2'»_ 

20 

24 

6 

3 

31 

45 

15 

19 

51 

67 

38 

41 

96 

96 

SO 

53 

184 

190 

22 

16 

83 

70 

27 

27 

132 

113 


31 

4 

50 

18 

72 

24 

87 

32 

143 ’ 

4 

29 1 

14 

47 


00 

3 

2b 

12 

41 

32 

99 

50 

181 i 

13 

bb 

i 26 

105 

None 

1 

0 

0 

1 

1 

15 

48 

31 

94 

2 

22 

7 

31 


« Approximately For exact rates see Table 1 

YIELDS 


The crops were harvested in two pickings, and the weights of seed 
cotton converted to an acre basis are presented in Table 5. 
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on each cr for tlie same group, but if the fertilizer at certain points 
prevented seeds from germinatmg, the corresponding value of a will 
be higher. Consequently the differences between the values of a 
lor the fertilized and corrcspondmg check plots are an indication of 
the effect of the irregular distribution of the fertilizer on stand 
Irregular distribution of the fertilizer increased the value of o- by a 
maximum of about 0 8 This of course means that a number of seed 
were prevented from germmatmg at several pomts m each plot where 
excessive amounts of fertilizer were deposited When the differences 
between or for the fertilized and unfertilized plots are averaged for the 
three plantings, as shown m the last column of Table 2, and correlated 
with the correspondmg values of V, r equals 0 920 ± 0 030 

Thus, although irregular distribution had no marked effect on the 
percentage of germination in these tests, it did have a measurable 
elTect on the uniformity of spacmg of the plants, and the effect was 
proportional to the degree of variability of distribution Fertilizers 
when uniformly applied had no very significant effect on either 
percentage of germination or uniformity of stand 

EARLY GROWTH AND BLOOM 

After the plants were well started a tapelme was laid beside the 
rows, and the plants were thmned by hand wherever possible to a 
stand of one plant every 6 inches ^ The height of a dozen plants from 
each plot was measured at this time The heights given in Table 3 
were obtamed by averagmg the mean figures from the four replicates 

Table 3. — Average heights of cotton 'plants as an indication of rate of growth for 
different degiees of variability of distribution (V) of fertilizers 


A\erage heights of plants (inches) standing m — 


Fertilizer and rate of application per 
acre 


800 pounds, 4-8-4“. 


None. 


207 pounds 12-21-12“. 


None 

Mean probable errors of heights— 
T between V and heights of plants. 
Probable errors of r 


V 

Norfolk coarse 
sand, planting 
No 6 

Cecil sandy clay 
loam, planting 
No 7 

Cecil sandy claj 
loam, planting 
No 8 

June 11 

J-ulyO 

June 15 

July 3 

June 15 

July 3 

0 

7 1 

13 1 

12 2 

17 8 

7 4 

15 1 

8 

7 1 

12 3 

10 7 

10 8 

7 3 

12 7 

<) 

7 3 

10 8 

10 7 

15 0 

7 2 

12 3 

10 

6 8 

12 b 

10 8 

14 0 

7 7 

11 *> 

15 

7 0 

12 fi 

9 9 

It 4 

7 4 

11 6 

56 

6 8 

11 2 

9 3 

15 4 

7 4 

11 6 


4 5 

7 5 

7 J 

11 5 

6 0 

10 1 

0 

7 2 

14 b 

11 0 

15 9 

7 1 

11 1 

18 i 

6 6 

12 6 

8 9 

13 0 

7 3 

11 5 

20 

6 6 

9 h 

9 1 

13 7 

6 9 

12 5 

24 

5 8 

10 5 

9 5 

15 2 

7 3 

12 5 

dl 

6 1 

10 0 

9 2 

14 8 

7 4 

11 8 

66 

6 5 

10 2 

9 2 

14 1 

6 9 

12 5 



4 5 

7 4 

7 4 

11 1 

6 3 

10 2 



=b 18 

=fc 17 

± 17 

rfc 32 

10 

d= 32 



- 501 

- bl2 

— 685 

- 413 

i <- 285 

- 182 

— 

=fc 146 

=fc 122 

d= 103 

=b 161 

=k 179 

± m 


« Approvimately, for evact rates see Table 1 


A rather definite correlation is shown between V and the average 
rate of growth by the values of r at the bottom of Table 3 In general 
the uniformly fertilized plants grew more rapidly than the unevenly 
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As stated previously, every effort was made to distribute the ordi- 
nal y and concentrated fertilizers at rates of 800 and 267 pounds per 
acre, i cspectively, and the rates actually obtamed are given in Table 1 
These rates, as well as those used in determining the coefficients of 
variability of distribution, were sufficiently different from the standards 
in some cases to inlluence the yields It was therefore desirable, if 
possible^ to correct both sets of figures for these discrepancies. 

The South Carolma experiment station® had been studying the 
effect of varying the i ate of application of 4~S~4 fertilizers on the yields 
of cotton for a number of years, under conditions very similar to those 
of the present experiments These data were used m an attempt to 
correct the present yields m the following manner* Two curves, which 
may be called the master curves, were drawn to represent the relation- 
ship shown by the experimental evidence between rate of application 
and yields The yield to be corrected and its corresponding check 
yield were then plotted on the same chart with its master curve, and a 
smooth curve of the same shape as the master curve was drawn through 



Fiourf 4 —Irregularly fertilized cotton plants Groups of tall plants occur at intervals approx- 
imately corresponding m length to those of the c\cles of delivers- of the 4-8-4 fertilizer (V=5S) 


the two points The corrected yields (shown in Table 5) "were deter- 
mined by the points at which these curves crossed the 267 and 800 
pounds per acre lines in the graph. 

The hand distribution was assumed to have a coefficient of varia- 
bility of zero, as was explained previously In all other cases V 
could be corrected because it had been determined for each machme 
at two or more rates of application The coefficients obtained in each 
case were plotted against rate of application and the several points 
were connected by a smooth curve. Corrected coefficients of varia- 
l)ility were read from these curves and are also given in Table 5 It 
will be noticed that the check yields are the same for both fertilizers 
in planting No. 6 but are different in plantings Nos. 7 and 8. This is 
probably because Nos 7 and 8 were located on terraced land, which is 
characteristic of this section of the Cotton Belt In the seventh 
planting the 12-24-12 group of tests was on the lower part of a terrace, 


8 Buie, T S , and Warner, J I) cotton fertilizer experiments S C Agr. Expt. Sta. Bui. 245, 
32 p„ illiLS 1928. 
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ings and the original values of V were used first. When the data for 
the 4“8~4 fertilizer, the 12-24-12, and both simultaneously, are corre- 
lated, r- -0 840 ±0 081, -0665±0153, and -0 704±b.098 For 
the corrected figures r = - 0 894 ± 0 055, ~ 0 810 ± 0 095, and - 0 795 
±0 072, respectively The latter coefficients are better, and their 
size indicates that if these experiments were repeated under the same 
conditions, differences in yield might be predicted from the degrees of 
variabihty of distribution of the fertilizer by means of a regression 
equation with an accuracy of about 70 per cent 

TIME OF MATURITY 

Both fertihzers greatly hastened maturity, as shown by comparisons 
between the results from fertilized and unfertihzed plots The 
uniformly applied fertihzers not only produced more cotton, but in 
nearly every instance they also hastened maturity to a greater extent 
than the same fertilizers applied irregularly In the few cases of 
irregular distribution, where a greater percentage of the crop was 
mature at the first picking, the total produced was small m proportion 
to that produced by the corresponding uniformly applied fertilizer. 

DISCUSSION 

In this study an ordinary fertilizer apphed m a band 2 inches 
below the seed at planting time at the recommended rate by machines 
giving a representative range of irregular distribution increased the 
average yield of three plantings on two different soils by 548 pounds 
of seed cotton per acre over the yields of the imfertilized checks. 
When the same quantity of the same fertilizer was evenly distributed 
the average yield was 652 pounds greater than the checks, or 19 per 
cent greater than the average for the machines The corresponding 
figures when the concentrated fertihzer was used are 452 and 666. In 
this case 214 pounds of seed cotton to the acre or 47 per cent more crop 
was produced The 4-8-4 and 12-24-12 fertilizers were 37 per cent 
and 73 per cent more efficient in increasing yields, respectively, when 
uniformly applied than when applied with the greatest degree of irreg- 
ularity It is realized that under other conditions the differences 
might not be so striking, and further studies will be reported elsewhere,^^ 
Nevertheless, it appears that the degree of variability of distribution 
of fertilizers is a factor of importance in the production of cotton 

Any additional expense that might be mcurred by the farmer, in ob- 
taining proper equipment, or by manufacturers in refinement of fertili- 
zer distributors and in improvement of the drillability of fertilizers, 
to secure more uniform distribution would undoubtedly be small 
compared to the benefits that might be expected. 

SUMMARY 

Ordinary and concentrated fertilizers at rates of 800 and 267 pounds 
per acre, respectively, were apphed uniformly by hand and with five 
typical degrees of irregular distribution by commercial distributors in 
barrow bands 2 inches below cottonseed in Norfolk coarse sand and 


n Tho later report has been published since this was written See Cummings, G A , Meheing, A L , 
TvKwis, a K , and Sachs, W H progress report on mechanical application op feetilizees to 
COTTON IN SOUTH CAROLINA, 1030 U S Dept Agr ClTC 192, 31 p , lllUS 1931 
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and the 4-8-4 group was on the higher part of the slope. In the 
eighth planting these conditions 'were reversed The growing con- 
ditions on the lower part of such terraces are probably somewhat 
different from those on the upper. 

The uniformly applied fertilizer is clearly superior to that where 
y=7 8 or 18, and these in turn are decidedly superior to the most 
irregularly applied fertilizer in increasing yields The differences in 
the six cases where the foregoing comparisons can be made are in the 
same direction and greater than the probable error in every case and 
111 several instances from five to seven times as large. 

To get a better idea of how much reliance should be placed on 
these differences in yield, odds were calculated by Student’s method,^ 
using the tables of odds given by Love The yields of those replicate 
plots that may be paired for this purpose are given in Table 6 

Table 6 — Welds of seed cotton in pounds per acre of plots used to determ, me odds 

hy Students method 


Kind of fertilizer 

Cor- 

lected 

coeffi- 

cient 

vari- 

ability 

V 

Yield (pounds per acie) of replicate plots on — 

Norfolk coarse sand, planting 
No 6 

Cecil sandy 
clay loam, 
planting No 7 

Cecil sandy 
clay loam, 
planting No 8 


0 

1, 108 

791 

946 

599 

996 

991 

1,301 

1, 213 

4-8-4 

7 8 

813 

779 

762 

934 

817 

923 

1,064 ! 

1,077 


55 3 

956 

584 

600 

651 

868 

854 

1,013 

1, 006 


0 

970 

548 

501 

705 

1,349 
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1, 376 

1,247 
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66 2 
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532 

384 

1,226 

1,022 

893 
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The figures in any line may be paired with those in the same 
vertical columns of either of the other two lines given for the same 
fertilizer Accordingly, eight pairs of figures from three plantings 
on two widely different types of soil were used in calculating the 
significance of the differences of the average yields The differences 
in yields between the pairs may be considered as due primaiily to the 
method of apphcation and secondarily^ to soil differences, and those 
between the yields in the same line primarily to soil variance. The 
odds, as calculated by Student’s method, that the uniform applications 
are really superior to the most irregular applications in increasing 
yields, are 488 to 1 and 529 to 1 for the 4-8-4 and 12-24-12 fertilizers, 
respectively. The corresponding odds that uniform distribution is 
better than that with a coefficient of variability of 7.8 in increasing 
yields are 9 to 1, and those that the distribution with a coefficient of 
19.7 is superior to that with a coefhcient of 66 2 are 22.8 to 1. In 
every case the odds are in favor of the greater degree of uniformity of 
distribution. This fact, together with the size of the odds, makes it 
practically certain that the major part of the average differences in 
yield are due to the degree of variability of distribution of the fertilizer. 

Coefficients of correlation were computed for each fertilizer to 
determine the extent to which fluctuations in yield correspond to those 
of y. The averages of the actual yields obtained in the three plant- 


9 Anonymous the probable error of a mean By Student Biomctnka 6 1-25, illus 1908 

10 Love, H H a modification of student's table for use in interpreting experimental results. 

Jour, Amer. Soc Agron. 16 68-73 1924 



ACETIC ACID AND PYROLIGNEOUS ACID IN COMPARISON 
WITH FORMALDEHYDE AS SOIL DISINFECTANTS' 


By William L Doran 

Research Professor of Botany^ Massachusetts AgrtcuUwal Expenment Btahon 

INTRODUCTION 

Formaldehyde is one of the most commonly used of soil disin- 
fectants. Its efficacy against fungi m the soil is well estabhshed, but 
it has at least two faults The cost of the treatment is relatively 
high and the time which must be allowed to elapse between treat- 
ment and seeding, if the treatment is not to mjure germination, is 
sometimes objectionable The principal object of the work here 
described was to find a soil disinfectant as effective agamst fungi, 
lower in cost, and less mjuiious to seeds than is formaldehyde 

In earher experiments, the results of which have been described 
by the writer,^ 1 0 to 1 2 per cent acetic acid used as a soil disin- 
fectant was found to protect seedlings from damping off Similar 
results with acetic acid as a soil dismfectant have smce been secured 
by other investigators.^ ^ 

The evidence presented in this paper verifies the conclusions 
previously reached m regard to acetic acid and serves as a basis for 
comparing acetic acid, pj^roligneous acid, and formaldehyde as soil 
disinfectants In the present paper various dilutions and rates of 
apphcation of acetic acid, pyrohgneous acid, and formaldeh;^de are 
compared with each other as re^rds prevention of damping off 
(caused by species of Pythium and xlhizoctoma), effect on seed germi- 
nation, and effect on growth (dry weight) of plants. 

METHODS 

The soil used is a water-deposited fine sandy loam. In all cases 
(except m a forest nursery, to which reference is made below) manure 
was composted with this soil as m ordinary greenhouse practice 
The soil prior to the application of the treatments contained vrater 
to the extent of 60 per cent of its water-holding capacity (except as 
otherwise indicated) . 

For each series of experiments, all seeds were sown the same day, in 
order that the effects of the treatments on growth of plants imght be 
compared. Treatments were m triplicate and 900 seeds of beet, 
cucumber, and lettuce were used for each. Seeds were sown at the 
rate of 50 per linear foot. After germination •was completed and 
damping off had ceased, seedlings were thinned so as to leave the 
same number per hnear foot, in order that competition between plants 
should not interfere with the effects of soil treatment on growth. 


1 Received for publication Oct 2C, 1931, issued May, 1932 Contribution No 126 of the Massachusetts 
Agricultural Kxperiment Station _ , „ 

2 1) ORAN, W L ACETIC ACID AS A SOIL DISINFECTANT Jour Agr Research 36 269-280, illus 1928 
8 Anderson, P J , Swanback, T R , and Street, O E , and others damping off of young tobacco 
SEEDLINGS Conn Agr Expt Sta Bui 311 269-270, illus 1930 
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Cecil sandy claj’- loam A statistical analysis was made oX measiire- 
jnents of the crops produced 

The results indicate that a larger number of seed germinate 
pi'omptly but the seedlings are more irregularly spaced along the row 
when fertilizers are irregularly applied than when they are uniformly 
distributed 

More rapid and uniform growth, earlier blooms, earlier maturity, 
and larger yields of cotton ivere produced by uniform applications than 
by irregular ones The extent of these effects was decidedly sig- 
nificant and varied with the degree of irregularity of distribution. 



Apr 1, 1932'^ JiC^lCUnCt I'yfOtTgTVeOUS 


soil to which formaldehyde 1:50 (1 gallon of formaldehyde with 49 
gallons of water) had been apphed 10 days before seeding. 

All damping off of the seedlings of beet, cucumber, and lettuce was 
also prevented by acetic acid 1.19 per cent applied to soil 5 or 13 days 
before seeding and at the rate of 2}^ quarts per square foot In other 
experiments conducted by the writer damping off has been prevented 
equally well by acetic acid 1.19 per cent applied to soil at the rate of 
2 quarts per square foot Thus used, the cost of the acetic-acid treat- 
ment, per unit area of soil, is about three-fourths of the cost of soil 
treatment with formaldehyde 

In connection with this use of acetic acid, experiments with vinegar 
as a^ soil disinfectant were undertaken, for vinegar is, of course, 
readily available to every farmer and gardener The user of vinegar 
IS relatively certain of obtaining a standardized product as regards 
content of acetic acid, for, accordmg to the standard adopted in 
enforcing the Federal food and drug act,® cider or apple vinegar (also 
grape or wine vinegar, malt vinegar, sugar vinegar, glucose vinegar, 
and spirit vinegar) must contain not less than 4 g of acetic acid 
per 100 cc Such vinegar when diluted by the addition of 
parts of water to 1 part of vinegar (by volume) will, therefore, contain 
in this dilution about 1.16 per cent acetic acid Vinegar thus diluted 
was applied to soil (at the rate of 2 quarts per square foot), and 10 
days later tobacco seeds wei’e sown in the treated soil and in soil not 
treated Seeds germinated well (equally well in both cases), and as 
may be seen by reference to Figure 1, there was no damping off in 
soil to which vinegar had been applied, although the disease was 
severe m the untreated soil 

In earlier experiments,^ seedlings of white spruce were protected 
against damping off by 1 12 per cent acetic acid applied to soil at the 
rate of 1 64 quai'ts per square foot seven days before seeds were sown. 
With the object of improving upon this method for use in forest nur- 
series, acetic acid (0 47 to 0 80 per cent) was applied to seed beds, at 
the rate of three-fourths of a quart per square foot, immediately after 
the seeds of red or Norway pine {Firms res%nosa Sol ) were sown. 
Damping off was severe in the imtreated soil Living seedlings (in 
4 square feet of each seed bed) were counted three months after the 
date of seeding The results are recorded in Table 2 Seed 
germination was improved, damping off‘ was controlled, and the 
number of seedlings living three months after seeding •was increased 
most (more than 700 per cent) by 0 8 per cent acetic acid (4 2 pounds 
of 80 per cent acetic acid diluted with water to 50 gallons) applied to 
the sod at the rate of three-fourths quart per square foot immediately 
after seeding. The merits of this treatment for the prevention^ of 
damping off in a forest nursery are the successful control of damping 
off, the harmlessness to seeds (of red pine), the relatively^ small 
amount of water, and therefore of labor, needed, and the avoidance 
of delay between sod treatment and seeding 


« Unitfd States Department Agriculture, Food and Drug Administration definitions and 
STANDARDS FOR FOOD PRODUCTS U S Dept AgT , Food and Drug Adimn Ser and Kegulat Announc , 
Food and Drug No 2 (second revision), 19 p 1931 
7 Doran, W L Op cit (See footnote 2 ) 
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Three weeks later the plants were pulled, washed, and dried to constant 
weight 

The dilutions of pyroligneous acid, acetic acid, and foiinaldehyde 
which were applied to soil are recorded in Table 1, as are also the 
intervals of time which elapsed after soil treatment and befor(i 
seeding Except as is otherwise indicated, the diluted chemicals were 
apphed to soil at the rate of 2)i quarts per square foot, 

Undistilled pyrohgneous acid was used As described by the 
manufacturers, it was made by the destructive distillation of hard- 
wood (beech, birch, and maple) in sealed retorts. Pyroligneous acid 
was found to have certain advantages over either acetic acid or formal- 
dehyde as a soil (Esmfectant, and the results are accordingly presented 
Further work will, however, be necessary before the observed effects 
of pyroligneous acid on fungi in the soil can be traced to each of its 
several constituents, since, according to Hawley,® pyroligneous acid 
IS not a chemical compound but contains a number of constituents, 
including acetic acid, methyl alcohol, formaldehyde, and furfural. 


T^bijE 1 — Effects of formaldehydcj acetic acid^ and pytoliqneous acid on seed 
qei rmnatioiiy daynping off oj seedlings, and dry weights of plants 
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EFFECTS OF SOIL DISINFECTANTS ON DAMPING OFF OF 

SEEDLINGS 

The average percentages of seeds which germinated, seedlings 
which damped off, and d^ weight of plants are recorded in Tabic 1. 
Damping off was severe in untreated soil, for in it 40 per cent of the 
beet seedlings, 61 per cent of the cucumber seedlings, and 45 per cent 
of the lettuce seedlings damped off. There was no damping off in 
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Table 2 — Effects of soil treatment with vaiious strengths of acetic acid on the 
damping off of the seedlings of red pine 
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0 47. 
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0 80 
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All^ damping off of seedlings listed in Table 1 was prevented by 
pryoligneous Wd 10:100, 5:100, and 4:100.® Pyroligneous acid 
3:100 prevented all damping off of cucumber and lettuce seedlings, 
but there was a little damping off of beet seedlmgs, 2 to 3 per cent, m 
soil to which pyroligneous acid 3:100 had been applied. In these 
experiments, pyroligneous acid 4:100 was as effective in preventing 
all damping off as was formaldehyde 1 :50 or acetic acid 1.19 per cent 
In other experiments, damping off of seedlings was controlled equally 
well by pyroligneous acid 3)>:100, applied to soil at the rate of 2 
quarts per square foot Thus used, the cost of soil treatment with 
pyroligneous acid 3K-100 was about 58 per cent of the cost, per unit 
area,^of sod treatment with formaldehyde 1 :50 

In the experiments lecorded m Table 1 pyroligneous acid 1:100 or 
2:100 did not prevent all damping off of the seedhngs of beet, cu- 
cumber, and lettuce These concentrations are considered too ddute 
to be dependable, although in some cases pyroligneous acid 2:100 has 
given adequate protection When pyroligneous acid 2:100 was 
applied to soil at the rate of 2 quarts per square foot seven days 
before tobacco seeds were sown there was, as may be seen by refer- 
ence to Figure 1, no dampmg off of tobacco seedlings grown in soil so 
treated, although the disease was severe m untreated soil. 

m 

effects" of soil disinfectants on. seed GERMINATION 

In the untreated sod 60 per cent of the cucumber seeds and 45 per 
cent of the lettuce seeds germinated and 83 beet seedlings came up 
for' each WO beet seed balls sown. Much of this poor germination 
was due to the decay of seeds resulting from the attack of damping- 
off fungi in ‘the soil 

The germination of the seeds of beet and cucumber was improved, 
and the germinatioA of the seeds of lettuce was unaffected by for- 
maldehyde 1 : 50 applied to the sod 10 days before seeding. 

The germination of the seeds of beets was injured by 1.78 per cent 
acetic acid, and on the basis of these and other experiments it is not 
considered necessary to use a greater concentration of acetic acid 
than 1.2 per cent for soil disinfection. 

The germination of these seeds was improved as much, or more, 
by 1.19 per cent acetic acid as by formaldehyde, and this was the 
case in the experiments represented in Table 1, whether acetic acid 


8 Dilutions of pyroligneous acid to which reference is made in the text and in Table 1 are indicated as 
numbei of parts (by v^plume) of pyroligneous acid m 100 parts of water. 
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Figure 1 —Tobacco seedlings piotected against damping oft by soil 1 leat- 
ment with pyroligneous acid and with vinegar A, Pyioligneousacid* 2 100, 
applied to soil at the rate of 2 quarts per square foot (7 days before seed- 
ing), B, vinegar 1 pait with watei 2M parts (by volume) applied to soil at 
the rate of 2 quaits pei square foot (10 days beioie seeding), O, chock, no 
disinfectant used 
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The dry weight of plants was increased by the apphcation of for- 
maldehyde to the soil 10 days before seedmg Acetic acid 1 19 per 
cent was no less beneficial, for m soil to which it had been applied the 
dry weight of cucumber seedlings was increased more and the dry 
weight of beet seedlings was increased as much as by formaldehyde. 
In these, as in other experiments, the application of acetic acid 1 19 
per cent, at the rate of 2 or 2^ quarts per square foot of sod, was 
iollowed by an improved growth of plants, and the improvement in 
growth was ordinarily as great as that associated with the use of for- 
maldehyde Even the use of acetic acid 1 78 per cent, a concentration 
which may injure seed germination, was without any injurious effect 
on the growth of beets m sod to which this treatment had been 
applied 13 days before seeding 

There was no retarding of growth of plants in soil to which pyrolig- 
neous acid 1:100, 2:100, 3:100, 4:100, 5 100, and 10:100 had been 
applied, even though the treatments with pyroligneous acid 2 100, 
3:100, and 4.100 'were applied to sod only one or two days before 
seeding Dry weight of cucumber seedlings was increased more by 
pyroligneous acid 3 100 or 4,100 applied to soil two days before seed- 
mg than by formaldehyde 1*50 applied to soil 10 days before seeding. 
The dry weight of beet seedlings was also increased by these treat- 
ments, and the increase, as compared with that which followed the use 
of formaldehyde, was greater wuth pyrohgneous acid 3:100 and less 
with pyroligneous acid 4 100 In these and in other experiments by 
the writer the beneficial effect of sod treatment 'wuth pyroligneous 
acid on growth of plants was no less than with formaldhyde 

SUMMARY 

Acetic acid was as safe and as effective a soil disinfectant as formal- 
dehyde, and the cost of soil disinfection with acetic acid was less 
than with formaldehyde Damping off of seedlings (of beet, cucumber, 
and lettuce) was prevented without mjury to seed germination and 
with benefit to growth of plants by sod treatment with 119 per cent 
acetic acid (1 gallon of 56 per cent acetic acid or 2% quarts of 80 
per cent acetic acid with water to total 50 gallons), applied at the rate 
of 2 to 2% quarts per square foot of sod An application of 2 quarts 
per square foot was usually enough 

Best results with acetic acid against sod-borne fungi in tobacco 
seed beds have been secured when the soil was treated in the fall 
rather than in the spring 

With acetic acid, as with formaldehyde, it was necessary that there 
be some interval of time, usually 10 days, between soil treatment and 
seeding; otherwise seed germination was injured 

Dampmg off of seedlings (of tobacco) was prevented with no injury 
to germination by vinegar 1 part diluted with water parts (by 
volume), applied to sod at the rate of 2 quarts per square foot 10 days 
before seedmg 

Seedhngs of red or Norway pme were protected against damping 
off, and germination was not injured by acetic acid 0 8 per cent (equal 
to 6 pounds of 56 per cent acetic acid or 4 2 pounds of 80 per cent 
acetic acid with water to total 50 gallons), apphed to sod at the rate 
of three-fourths of a quart per square foot at the time of seedmg. 
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was applied to the soil 5 days or 13 days before seeding. In other 
experiments by the writer seed germination has sometimes been 
injured, however, if seeds were planted in less than 10 days after the 
application of acetic acid to soil, and this is considered the miniiniim 
time interval before seeding which is usually safe after soil treatment 
with either acetic acid or formaldehyde 

In the case of tobacco seed beds the delay which must follow the 
application of these soil treatments in the spring is sometimes objec- 
tionable. This IS of course avoidable by applying such treatments 
in the fall; and, as observed by the writer, best results have been se- 
cured in tobacco seed beds when the soil was disinfected with acetic 
acid in the fall rather than in the spring. 

Chemical soil disinfection of tobacco seed beds in the spring may 
have another disadvantage, for if the soil is very wet, as it often is at 
that season, neither acetic acid nor formaldehyde as ordinarily ap-* 
plied always prevents all damping off Earlier investigators® have 
suggested applying formaldehyde to tobacco seed beds m the fall 
rather than in the spring if the soil is likely to be very wet Their 
conclusions are supported by the results of experiments by the 
writer, in which formaldehyde 1:50 (2 quarts per square foot) was 
less effective in preventing damping off when applied to water- 
saturated soil than it was when applied to soil vrhich, previous to 
treatment, contained water to the extent of 50 per cent of its water- 
holding capacity. 

As may be seen by reference to Table 1, the germination of the seeds 
of beet, cucumber,^ and lettuce was in most cases improved and m no 
case injured by soil disinfection with pyroligneous acid 2:100, 3:100, 
and 4.100. Seeds were uninjured even though the interval between 
soil treatment with pyroligneous acid 3 : 100 or 4 : 100 and seeding was 
reduced to one or two days In other experiments it was, however, 
found unsafe to shorten this inteival to less than one day or to apply 
pyroligneous acid 2 : 100, 3 : 100, or 4 • 100 to living plants When these 
treatments 'were applied, at the rate of 1 quart per square foot, to 
seedlings of beet, cucumber, and lettuce which had begun to damp off, 
the plants were severely injured When pyroligneous acid 3:100 was 
applied to soil at the rate of 2 cjiiarts per square foot, at the same time 
that the seeds of pepper, lettuce, cucumber, and tomato were, sown, 
the germination of the seeds of cucumbei and tomato was unaffected , 
but the germmation of the seeds of pepper and lettuce was mjuied 

These observations lead to the conclusion that pyioligneous acid 
like acetic acid or formaldehyde should be apphed to the soil before 
sowing most seeds But in the experiments above described and with 
the seeds used it was safe to apply pyroligneous acid to the soil as late 
as one day before seeding, and this is a matter of convenience which is 
sometimes important m practice 

EFFECTS OF SOIL DISINFECTANTS ON DRY WEIGHT OF PLANTS 

By reference to Table 1 the dry weight of beet and cucumber seed- 
lings in each of the several soil treatments may be compared with the 
dry weight of plants in untreated soil There was consideiable in- 
crease m dry weight of plants following most treatments, and it was 
greater with cucumber than with beet 


9 Selbv, a D , Housjsr, T , and Hombket, T O how to disinfect tobacco plant bi-ds from 
KOOT-ROT FUNGLTS (thielavia) Ohio Agr E\pt Sla Cue 166, 5-S, illus 1015 



THE INFLUENCE OF PHOSPHATES ON THE PHOSPHORIC 
ACID CONTENT OP THE PLANT ^ 


By A. W Blair, Soil Chemist, and A L Prince, Assistant Boil Chemist, New 
Jersey Agricultural Experiment Station 

REVIEW OF PREVIOUS INVESTIGATIONS 

During the last 15 or 20 years much attention has been given to 
the matter of improving pastures in this eoimtry as well as in Europe 
This m turn has led to renewed mteiest m the mineral requirements of 
ammals and to a study of the so-called mineral deficiency in pastures 
and feedmg materials Orr ^ cites McDougall ’s estimate that the 
value of the grassland products annually consumed m Great Britain 
IS roughly 426,000,000 pounds He further says: 

Considerably more than half of these is imported, the imports forming nearly 
a quarter in money value of our total imports s* * In the British Isles 
there are 34,000,000 acres of grass of one kind or another, and there are numerous 
tracts of pasture lands in the Domimons and Colonies As pasture is the raw 
material of many of the primary necessities of life, for which there is a constant 
market, the improvement and better exploitation of these pastures is one of the 
surest methods of securing the stable prosperity of the Empire 

Recently much interest has centered in the influence of fertilizers 
on the mineral composition of the plant An attempt has been made 
to find out to what extent the low value of certain pastures is due to 
mineral deficiences m the soil. In this connection Russell ® says 

Phosphate star\ation markedly affects the composition of crops, lowering their 
nutritive value to ammals and their special quality values to men Over large 
areas of the world, soils are very deficient m phosphate. Those occurring in 
parts of South Africa carry a natural herbage v, hich causes deficiency diseases in 
cattle; the affected animals devour bones with great eagerness, even putrefying 
bones when the deficiency is pronounced, so that they become liable to a particu- 
lar ptomaine poisoning The obvious remedy is to feed the cattle with bone meal 
Similar diseases occur in Australia, where also the arable land shows astomshmg 
benefits from small dressings of superphosphate In the Romney Marsh the 
best fatting pastures are richer in phosphates than the poorer ones, this is gener- 
ally true of England and France 

Investigations m New Zealand have shown that basic slag and 
superphosphate applied to land that is deficient in phosphoric acid 
resulted in increasing the percentage of phosphoric acid in grasses. 
The influence of the superphosphate was most marked in the early 
spring, but its eft*ect w’-as noted throughout the season. Orr and 
Scherbatoff ^ have reported at length on some of the problems re- 
lating to the influence of mineral fertilizers on the composition of 
pasture grasses Their investigations led them to conclude that 

the mineral composition of pasture is affected by the composition of the s5il on 
which it grows, and that the alteration of the composition of the soil by the 
application of fertilizers increases the mineral content of the pasture, the increase 


^ Received for publication Oct 26, 1931, issued May, 1932 

2 Ore, J B , and Scherbatoff, H minerals in pastlres and their relation to animal nutrition 
p 1-2 London 1929 

3 Russell, E J soil conditions and plant growth. Ed 5, p 81 London, New York [etc ] 1927 

4 Orr, j B , and Scherbatoff, H Op cit , p 48 
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Pyroligneous acid 3:100 to 4:100 applied to soil at the rate of two 
quarts per square foot protected seedlmgs from damping off, and this 
treatment did not injure the germmation of the seeds of beet, cucum- 
ber, and lettuce even when it was applied to the soil as late as one day 
before seeding. Soil treatment with pyroligneous acid resulted in an 
increase in the dry weight of plants Per umt area of soil treated, the 
cost with pyroligneous acid was less than with either formaldehyde or 
acetic acid Pyroligneous acid was as effective a soil disinfectant as 
formaldehyde 02 ‘ acetic acid, and safer and cheaper than eithei* 
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course of the 5-year rotation The crop was analyzed for phosphoric 
acid \vith the results shown in Table 1 In this case plants grown in 
the cylinders without treatment showed the lowest percentage of 
phosphoric acid. Those with minerals or mmerals and nitrate of 
soda showed a distinct increase in phosphoric acid, while those that 
received minerals, nitrate of soda, and manure showed an increase of 
as much as 40 per cent A smaller but distinct increase was noted 
in the oats gram where minerals and nitrate were used on field plots 
(Table 8 ) The difference between those with lime and those with 
lime and green manure is scarcely significant 


Table 1 — Phosphoric acid content of oats {giain and straw) and com (forage) 
grown in cylinders with diffeient fertilizer tyeatnientSj 1930 




Phosphoric acid content (per cent) of 
crops grown on — 

Cjl- 

in- 

der 

No 

Fertilizer treatment 

Limed plots 
(B's) 

Limed plots with 
green manure added 
(C's) 



Oats 

Corn 

Oats 

Corn 

1 

No fertili7fir,. , . _ _ _ __ _ 

0 978 

0 860 

0 937 

0 868 

2 

Mmerals “ 

1 237 

929 i 

1 174 

1 192 

3 

Minfimls fl.nd TTinmirft _ _ _ 

1 330 

1 365 ' 

1 330 

1 296 

7 

Minerals and nitrate of soda 

1 162 

1 122 

1 145 

1 157 

8 

Minerals and double nitrate of soda 

1 150 

1 019 : 

1 128 

1 019 

9 

Minerals, nitrate, and manure 

1 375 

1 145 ! 

1 318 

1 110 

10 

Mmerals, double nitrate, and manure — 

1 336 

1 122 i 

1 342 

3 019 

17 

Mmerals and ammonium sulphate 

1 133 

1 088 

1 168 

1 088 



Average 

1 213 

1 081 

i 1 193 

1 094 




« ]\Iinemls=640 poundb of superphosphate and 320 pounds of muriate of potash per acre 


CYLINDER EXPERIMENT ON THE INFLUENCE OF NITROGEN, PHOSPHORIC ACID 
AND POTASH ON THE PHOSPHORIC ACID CONTENT OP BARLEY 

In growing barley in Sassafras silt loam in cylinders, phosphoric 
acid in the form of superphosphate was used in thi'ee different quan- 
tities, with a single and also a double portion of potash, and with dif- 
ferent nitrogenous materials furmshmg equivalent amounts of nitro- 
gen The fertilizer treatment on this soil was begun m 1923 The 
1930 crop was harvested just before maturity, and determinations 
were made on the gram and straw together The results are showm 
m Table 2 The double and triple phosphate treatments produced 
slight increases in the phosphoric acid content of barley as compared 
with the single treatment The differences between the single and 
double potash treatments are not sigmficant In every case the 
plants from the cylinders that did not receive nitrogen showed a 
higher percentage of phosphoric acid in the dry matter than did those 
that received nitrogen The plants in the cylinders that received 
nitrate of soda showed a higher percentage of phosphoric acid than 
did those receivmg the other mtrogenous materials. With slight 
exceptions, the percentages varied from about 0 7 to a little over 1 
per cent P2O5 This soil originally (1922) contained about 0.11 per 
cent P2OS. 
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being most niaiked in poor soils The inciease is due partly to the fact that the 
individual plants aie enriched, and partly to the fact that the fcitilizers pio- 
mote the gioA\th and spiead of species ot plants which arc naturally richei in 
minerals 

Studies made in various parts of the United States have shown 
that soils which are naturally rich produce grasses high in mineral 
constituents It has also been shown that when phosphates are 
applied to poor soils the phosphoric acid content of the crop is gener- 
ally increased In studying this problem, several investigators 
have noted that the mineral treatment may distinctly influence the 
type of vegetation It has likewise been noted that the composition 
of the vegetation depends more or less upon the date of cutting 
Very young grass may contain a high percentage of phosphorus, but 
on account of the small yield in the early part of the season the total 
phosphorus that could be obtained by grazing cattle may be small 

Crowther and Ruston ^ found that m the majority of cases the 
percentage of phosphoric acid deci eased up to and including the 
third cutting. Their results have been confirmed by others, although 
work done at the New Jersey Agricultural Experiment Station indi- 
cates a somewhat higher percentage of phosphoric acid in the mixed 
herbage of July, August, and September than was found in herbage 
cut m the early part of the season. 

EXPERIMENTAL WORK 

As a further contribution to this subject it seemed worth while to 
make a study of the phosphate content of crop samples from the 
cylinder experiments and the soil-fertility plots of this station The 
original cylinder soils have received definite fertilizer treatment for 
32 years, and the field plots for 22 years 

If mineral fertilizers influence the mineral composition of the plant, 
surely crops grown on soils without phosphate or with definite phos- 
phate treatment for so long a time should give some evidence of siicli 
treatment. Therefore phosphoric acid has been determined m a 
number of crop samples from the field and cylinder experiments m 
which phosphates have been used for a numbei of years Determina- 
tions have been made on the following crops. Wheat and oats, both 
grain and straw, corn, grain and stover, corn forage; timothy hay, 
rye, gram and straw, young rye (samples collected m the late fall), 
soybean hay, bailey, gram and straw, barley (gram and straw 
together); rape, potatoes Tables showing the different phosphate 
treatments and the percentage of phosphoric acid in the crop are 
given Unless otherwise specified, nitrogen was used in quantities 
equivalent to 320 pounds of nitrate of soda an a(*re and potash m 
quantities equivalent to 320 pounds an acre, 

CYLINDER EXPERIMENT WITH OATS AND CORN 

Oats and corn were grown in Penn loam soil in cylinders without 
fertilizer and with difi'erent fertihzmg materials, this soil having been 
under cultivation and treatment for about 30 years. The soils of one 
series were limed at intervals of 5 years, while those of the other series 
were limed and also produced two legume green-manure crops m the 

5 CRowgHER, C , and Ruston, A G the influen< e op time op cutting upon yield and com position 
OP HAY, lour Agr Sci [England] 4 305-317 1912 
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Table 3 — Phosphoric acid content of corn forage giown on soils varying in me- 
chanical composition^ with and without fertilizer {cylinder experiment) , 19S0 



Dry matter m and phosphoric acid content of 
corn forage grown on— 



Fertilizer treatment “ 
(pounds pel acre) 

Loam soil 

Loam 

cent, 

20 

i soil 80 per 
and sand 
per cent 

Loam soil 60 per 
cent, and sand 

40 per cent 

_ 

J 

Average 


Phosphoric 

to i 

Div 

mat- 

ter 

Phosphoric 

acid 

Dry 

mat- 

ter 

Phosphoric 

acid 

Dry 

mat- 

ter 

Phosphotic 

acid 


Per 

Gm cent Gm ^ 

Gm 

Per 

cent 

Gm b 

Gm 

Per 

cent Gm^ 

Gm 

Per 

cent Gm ^ 

Without fertilizer 

150 0 681 1 021 

135 

0 762 

1 031 

108 

0 682 0 735 

131 

0 708 0 929 

200 

201 546 1 095 

200 

664 

1 324 

176 

593 1 049 

192 

601 1 156 

500_- 

254 446 1 130 

277 

593 

1 637 

255 

431 945 

262 

490 1 237 

1,000 

373 468 1 744 

405 

' 517 

2 099 

376 

491 1 863 

385 

492 1 902 

Average 

245 535 1 248 

254 

634 

1 523 

229 

549 1 148 

243 

573 1 306 


« The fertilizer used analyzed 16 per cent, NHa, IS per cent P 2 OS, and 16 per cent IC 2 O made from urea, 
high-grade superphosphate, and muriate of potash Half the fertilizer was applied at planting, and half 
near the end of Jul> 

6 Grams removed from soil 

CYLINDER EXPERIMENT ON THE INFLUENCE OF PHOSPHATHS ON THE PHOSPHORIC 
ACID CONTENT OF RYE, SOYBEAN HAY, AND BARLEY 

In cylinder experiments rye was gi own on two types of soil, Sassa- 
fras loam and Portsmouth loam, with varying amounts of super- 
phosphate and also with law rock phosphate in equivalent amounts 
Phosphoric acid determinations were made on giam and straw", with 
the results shown m Table 4 In nearly all cases the gram and straw^ 
from the cyhnders that leceived the heavier applications of super- 
phosphate showed some increase in phosphoric acid over those that 
received no phosphate treatment 

With the raw rock phosphate the increases over the no-phosphate 
treatment were slight There was little difference between ^ the 
phosphoric acid content of samples from the limed and unlimed sections. 

Soybeans for hay were also grown on these two soils and on a 
thii’d soil, Colts Neck loam, wnth the same phosphate treatment 
Eesults are shown in Table 5 for the 1923 crop and in Table 6 for the 
1930 crop Determinations of phosphoric acid m rape grown on 
Colts Neck loam, WTth the same fertilizer treatment as the soybeans, 
are also showm in Table 6 

When 100 and 200 pounds of superphosphate were applied to the 
acre there w^as very little inciease m the phosphoric acid content of 
the dry matter, but when 500 and 1,000 pounds of superphosphate 
were applied to the acre there w"as nearly ahvays some increase m the 
phosphoric acid content of the dry matter 
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Table 2 — Phosphoric acid content of bailey when fertilized with difeient nitrog- 
enous materials^ and ivith difei ent quantities of phos phone acid and potash, 1980 


Phosphoric acid content (per cent) of barley grown yith— 


Nitrogen tie^itmont 

Single P2O5 tieat» 
ment and — 

I 

Double PaOr, treat- 
ment and—' 

Triple PaOs tieat- 
inent and— 


Single 

KiO 

tieatinent 

Double 

K 2 O 

tieatment 

Single 

K.O 

treatment 

Double 

KiO 

tieatment 

Single 

KjO 

tioatinenl 

Double 

K2O 

tieatment 

No nitrogen 

1 038 

0 894 

1 090 

1 113 

1 130 

1 060 


Nitrate of soda 

923 

.796 

980 

958 

814 

808 

Sulphate of ammonia 

704 

710 

825 

681 

814 

813 

Dried blood 

745 

652 

849 

831 

883 

935 

nitrogen from each of above three 

750 

687 

774 

808 

882 

837 


Average 

781 

711 

857 

820 

848 

848 



CYLINDER EXPERIMENT ON THE INFLUENCE OF PHOSPHATE ON THE PHOSPHORIC 
ACID CONTENT OF CORN FORAGE GROWN ON SOILS VARYING IN MECHANICAL 
COMPOSITION 

^ Corn forage was grown on soils varying m mechanical composi- 
tion and with varying amounts of fertilizer, and samples of the diy 
material were analyzed for phosphoric acid The results of the 
work are given in Table 3. The average phosphoric acid content of 
the dry matter for the crop grown on loam soil was 0 535 per cent, 
for the crop on loam soil with 20 per cent of sand the average was 
0 634 per cent, and for the crop on loam soil with 40 per cent of sand 
it was 0 549 per cent The average phosphoric acid content of dry 
matter of the crop grown m cylinders without fertilizer was slightl}’” 
over 0,7 per cent With fertilizer at the rate of 200 pounds an acie 
the average was 0 6 per cent, and with fertilizer at the rate of 500 and 
1,000 pounds an acre it was about 0 5 per cent P2O5 It will be noted 
that the dry matter of the forage grown in cylinders with 20 per cent 
of sand showed a higher percentage of phosphoric acid than did that 
of forage grown on loam soil or on loam soil with 40 per cent of sand 
In the fertilizer-treatment experiments, the forage grown in cylinders 
receiving no fertilizer had a higher average percentage of phosphoric 
acid than did that gro\vn in cylinders receiving fertilizer Forage in 
cylinders receiving fertilizer at the rate of 200 pounds an acre had a 
higher average percentage of phosphoric acid than did that in cylin- 
ders receiving 500 and 1,000 pounds of fertilizer an acre This is not 
m agreement with other work reported here. Attention has already 
been called to the fact that in a number of cases heavy applications 
of superphosphate resulted in some increase m the phosphoric acid 
content of the crop. In this case, however, the yield of dry matter 
was veiy much increased as the amount of fertilizer applied was in- 
creased, and tMs resulted in a proportionate increase in the amount of 
phosphoric acid removed in the crop It is therefore possible that 
this increased demand for phosphoric acid drew so heavily on the 
available supply in the soil as to cause a reduction in the percentage 
in the dry matter of the crop This seems the only explanation for a 
lowered percentage m the dry matter where the phosphate application 
was increased 
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Table 6 — Phosphonc acid content (per cent) of soybean hay and rape (dry) grown 
on diferent types of soil under different phosphate treatments j 1930 


Phosphoric acid content (per cent) of crops 


Phosphate treatment (pounds per 
acre) 

Soybean hay grow n on— 

Pape (dry mat- 
ter) growm on — 

j Colts Neck 
j loam 

Sassafras sandy 
loam 

Portsmouth 

loam 

Colts Neck 
loam 

A« 

B 

A 

B 


B 

A 

B 

No phosphate — 

0 605 

0 652 

0 439 

0 468 

0 595 

0 566 1 

0 894 

0 885 

100, superphosphate 

640 

739 

427 

1 560 

617 

658 

900 

986 

200, superphosphate . 

664 

1 672 

468 

! 546 

617 

710 

966 

780 

500, superphosphate 

706 

' 718 

557 

632 

721 

675 

958 

853 

1,000, superphosphate . 

762 

640 

530 

I 569 

715 

744 

910 

1 003 

A\erage 

‘ 693 

1 

692 

I 

496 

i 577 

1 

6bS 

697 

! 

934 

906 

I 


*» A and B = duplicate treatments 


With raw rock phosphate such increases as are noted were slight 
and in a number of cases there was no increase Lime seems to have 
had little influence one way or the other With the exception of 
the soybean hay on Sassafras sandy loam m 1930, the type of soil 
seems to have had little influence ^ In this connection it may be ex- 
plained that the Colts Neck loam is exceptionally high in phosphoric 
acid — about 0 8 to 1 per cent, the Sassafras sandy loam is rather low 
in phosphoric acid, whereas the Portsmouth loam also contains a high 
percentage, though not so high as the Colts Neck loam 

In 1923, barley w^as grown on Colts Neck loam wuth and wathout 
lime, with the phosphate treatments outlined above Phosphoric 
acid was determined in the gram and straw, with the results shown 
in Table 7 In this case neither the phosphate nor the lime had a 
pronounced influence on the percentage of phosphoric acid in the 
crop In a number of cases the crop without phosphate show^ed as 
high or a higher percentage of phosphoric acid as the crop that re- 
ceived 1,000 pounds of superphosphate an acre. 

PHOSPHORIC ACID CONTENT OP GRAIN AND HAY IN FIELD EXPERIMENTS 

In the nitrogen-availability field experiments which w^ere started in 
1908, certain plots receive no fertilizer, others receive superphosphate 
only, and others superphosphate and muriate of potash, and stiU others 
a complete fertilizer Phosphoric acid has been determined in tim- 
othy hay and also in oats and wheat grain from certain of these 
plots, with the results shown in Table 8. It is at once apparent that 
the phosphorus treatment had little influence on the phosphoric acid 
in the timothy hay, and if averages be considered, about the same 
must be said of the oats and wheat grain. With the complete fer- 
tilizer (mmerals and nitrate of soda), the oats grain shows a some- 
what higher percentage of phosphonc acid than where no fertilizer is 
used, but the differences are not great. 
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Table 4 — Phosphoric acid content {pet cent) of rije grown on different types of soil 
under different phosphate tieatments^ W2S 

SUPERPHOSPHATE SECTION 


Phosplioric acid content (]ier cent) ot rje grown— 


Phosphate treatment (pounds per 
acre) 

With lime on— 

Witliout lime— 

Sassafras 

loam 

Portsmouth 

loam 

Sassafras 

loam 

Portsmout h 
loam 

Gram 

Straw 

Gram 

Straw 

Gram 

Straw 

Gram 

Straw 

No phosphate 

100, superphosphate 

200, supei phosphate 

500, superphosphate 

1,000 superphosphate 

Average 

0 S03 

0 159 

0 822 

1 

0 180 

0 799 

0 104 

0 770 

0 115 

777 

88f) 

902 

1 001 

138 

143 

185 

190 

765 

900 

936 

900 

179 

174 

213 

195 

871 

952 

952 

1 045 

122 

159 

154 

174 

905 

890 

936 

921 

154 

151 

167 

180 

892 

164 

875 

190 

955 

152 

913 

163 


RAW ROCK PHOSPHATE SECTION 


No phosphate 

i 0 884 

0 135 

0 853 

0 195 

0 890 

0 169 

0 843 

0 148 


Rock phosphate equnalent to 100 
pounds superphosphate 

884 

156 

900 

185 

895 

150 

837 

138 

Rock phosphate equivalent to 200 
pounds superphosphate 

819 : 

143 

832 

203 

874 

177 

864 

153 

Rock phosp’hate equivalent to 500 
pounds superphosphate..- 

929 

138 

780 

177 

973 

164 

764 

164 

Rock phosphate equivalent to 1,000 
pounds superphosphate 

962 

156 

874 

148 

942 

161 

822 

193 



A\erage 

899 

1 148 1 847 

178 

921 

165 

822 

162 
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Table 5 — Phosphoric acid content {per cent) of soybean hay grown on di£erent 
types of soil under different phosphate treatments, 19J3 

SUPERPHOSPHATE SECTION 


Phosphate treatment (pounds per acie) 

1 Phosphoric acid content (per cent) of so^ bean hay giown — 

With hme 

Without lime 

Colts 

Neck 

loam 

Sassafras 

sandv 

loam 

Ports- 

mouth 

loam 

Colts 

Neck 

loam 

Sassafias 

sandy 

loam 

Ports- 

mouth 

loam 

No phosphate 

0 6f>S 

0 645 

0 526 

0 l»4J 

0 682 

0 531 

100, superphosphate..-. 

658 

665 

()32 

653 

f)6S 

(4)3 

200, superphosphate 

655 

695 

582 

725 

()73 

Oil 

500, superphosphate 

682 

721 

621 

(»68 

718 

655 

1,000, superphosphate.. . 

705 

736 

()40 

707 

760 

658 

.Average 

C7S 

704 

(>20 

689 

705 

632 


|4 RAW ROCK PHOSPHATE SECTION 


No phosphate 

0 658 

0 670 

0 642 

0 648 

0 658 

0 575 

Rock phosphate equivalent to 100 pounds 
superphosphate 

650 

658 

611 

650 

666 

619 

Rock phosphate equivalent to 200 pounds 
superphosphate 

642 

611 

600 

679 

674 

, 030 

Rock phosphate equivalent to 500 pounds 
superphosphate 

686 

684 

017 

749 

710 

014 

637 

Rock phosphate equivalent to 1,000 pounds 
superphosphate 

668 

676 

622 

715 

668 



Average 

662 

657 

611 

699 

(>80 

. 625 
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acid in the grain, and the total amount of phosphoric acid remoyed by 
the crop 

It will be noted that there was a gradual increase in the yield as the 
fertilizer was mcreased The 100-pound application of fertilizer gave 
only a shght mcrease m yield over the check and no increase in per- 
centage of phosphoric acid The 250-pound application gave a dis- 
tinct mcrease in yield and also a distinct increase in pert^entage of 
phosphoric acid The 500 and 1 ,000 pound applications likewise gave 
increases m yield and in percentage of phosphoric acid m the grain, 
the latter givmg an increase over the check of nearly 40 per cent 
phosphoric acid. When 1,000 pounds of fertilizer were applied, there 
was about three times as much phosphoric acid removed m the gram 
as m that from the check plot 


Table 9 — Phosphoric acid content of corn (gram) when grown with diffeient 
quantities of a concentrated fertilizer in a field experiment, 1980 


Plot No 

Fertilizer 

treatment 

1 

Yield of 
drv 
shelled 
^ corn 

Phos- 

phoric 

acid 

content 

Total 
phos- 
phoric 
acid re- 
ino\ed 
from soil 

]10« 

1 

Pounds 
per acre 

0 

1 

Poimdh 

1, 050 
1,057 
1,474 

! 

Per cent 

1 053 

1 

Pounds 

11 00 

Ill 

100 

1 047 

11 17 

112 

250 

1 249 

18 41 

113 

500 

1,544 

1 370 

21 15 

114 

1,000 

2,151 

1 457 

31 34 
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THE EFFECT OF PHOSPHORIC ACID TREATMENT ON MIXED 

HERBAGE 

Phosphoric acid was determined in samples of mixed herbage from 
plots that had received different fertihzer treatments Dr H B 
Sprague of the department of agronomy, who has been conducting 
this work, furnished the samples for these determinations and has 
kindly allowed the writers to use the data The soil on which the 
plots are located is Chester stony loam The fertihzers were apphed 
in early April, and the pasture was clipped every two weeks The 
samples from the different plots were composites of the different 
cuttings throughout the season and therefore do not represent the 
seasonal influence on the crop 

The results are shown in Table 10 In eveiy case the grass from 
the phosphate-treated plots showed a higher percentage of phosphoric 
acid than did that from plots without phosphate treatment While 
it is not safe to draw definite conclusions from so limited a number 
of determinations, the results do show a distinct increase in the phos- 
phonc acid content of the hay where superphosphate was used. 
Doctor Sprague is of the opinion that^ these differences may be due 
largely to cSfferences in the vegetation which resulted from the 
fertihzer treatment He found, for example, more clover on the phos- 
phate-treated plots than on those mthout phosphate 

This is a phase of the question which must be considered when deal- 
ing with nuxed herbage Also the influence of the time of cutting 
must not be overlooked Reference has already been made to these 
points. 
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Table 7. — Phos phone acid content (pe) cent) of hailey grown on Colts Neck sandy 
loam unde-) different phosphate tieatments^ 1923 

SUPERPHOSPnATE SECTION 



Phosphoiit acid content (per cent) of 



barley grown— 


Phosphate treatment (pounds per acic) 

With lirao 

Without lirno 


Gram 

Straw 

Gram 

Straw 

No phosphate 

0 895 

0 187 

0 843 

0 135 

100, superphosphate 

928 

182 

879 

148 

200, superphosphate 

8G1 

156 

910 

156 

500, superphosphate 

913 

167 

871 

,154 

1,000, superphosphate - 

890 

153 

879 

130 

Average 

898 

165 

1 885 

147 


No phobphalo 

100, iiuperphospluite.. 
200, superphosphate.. 
r>00 superphosphate. - 
1,000 superphosphate. 

A>erdge 


RA^\ ROCK PHOSPHATE SECTION 


0 900 

0 146 

0 842 

0 143 

923 1 

180 

861 

130 

903 

174 

887 

. 143 

918 

172 

920 

128 

882 

156 

910 

198 

907 

171 

895 

150 


Table 8 — Phosphonc acid content {per cent) of giain and hay of vanous cwps 
grown with diffeient feitihzer treatments in a field experiment 


1 


Plot I 
No I 


Fertilizer treatment 


I 


1 I No fertilizer 

2 I Aturiate only 

4 ' Superphosphate onl> 

1 ! Minerals" 

U I Minerals and nitrate of soda 


Phosphoric acid content (per cent) of crops w hen 
grown— 


AVithout lime 

W^ith lime 

Timothv 
har, 1926 

Oats 

gram, 

1929 

IVheat 

grain, 

1930 

Timothy 
hav, 1926 

Oats 

gram, 

1929 

W heat 
gram, 
1930 

0 494 

1 226 

1 278 

0 454 

1 289 

1 232 

482 

1 151 

1 267 

43f» 

J 186 

1 220 

517 

1 128 

1 082 

494 

1 2<)5 

1 249 

505 

1 128 

1 130 

540 

1 283 

J 284 

482 

1 364 

1 202 

476 

1 375 

1 237 


« Minerals = 320 pounds of superphosphate and 160 pounds of muriate of potash an acre 

PHOSPHORIC ACID CONTENT OF CORN (GRAIN) GROWN ON PLOTS RECEIVING 
DIFFERENT AMOUNTS OP A HIGH-ANALYSIS FERTILIZER IN FIELD EXPERIMENTS, 
1930 


The soil on which the corn used in tlie field expenineiit of 1930 was 
grown IS a Sassafras loam of medium quality containing about 0.1 per 
cent phosphoric acid It has been in corn continuously for several 
years, the respective plots receiving the same fertihzer treatment each 
year The fertilizer analyzed 16 per cent ammonia, 18 per cent 
phosphoric acid, and 16 per cent potash. It was applied in the 
quantities indicated m Table 9 This table also reports the yield of 
dry shelled corn in pounds per acre, the percentage of phosphoric 
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Not enough work has been done on potatoes from these plots to 
make the work conclusive, but it indicates that on a soil moderately 
supplied with phosphoric acid, applications of superphosphate do not 
materially influence the phosphoric acid content of the potato 
In the eaily fall of 1930, rye was seeded on the potato plots referred 
to above without any further fertihzer treatment, and on November 1, 
samples of the young rye were collected for phosphoric acid determina- 
tions The results on the dry material are shown in Table 12. 

Table 12 — Phosphoric acid content {per cent) of young rye plants grown under 
different fertilizer treatments 


Fertilizer mixture 

Phos- 
phoric 
acid in 
j oung rye 

Fertilizer mixture 

1 Phos- 
j phone 

N 

P2O0 

K2O 

N 

P2O5 

k:20 

acid m 
jyoung rye 

4 

0 

4 

1 12 

4 

12 

4 

‘1 

' 1.19 

4 

4 

4 

1 05 

4 

16 

4 

1 1 33 

4 

8 

4 

1 12 






When the 4-4-4 and 4-8-4 fertilizer mixtures were used for the 
potatoes there was no increase m the percentage of phosphoric acid 
in the rye, when the 4-12-4 fertihzer mixture was used there was a 
small increase; and when the 4-16-4 fertihzer mixture was used there 
was an increase of shghtly more than 18 per cent m the phosphoric 
acid content. It would seem reasonable to conclude that^ heavy 
applications of phosphoric acid would affect pasture grasses in very 
much the same way as it affected the young rye. 

SUMMAKY 

Tables are given showing the phosphoric acid content of a number 
of crops grown in cylinders and also on field plots where different fer- 
tihzer materials have been used and where different amoimts of super- 
phosphate have been applied over a period of years — m one case over 
a period of 30 years 

So far as the work reported is concerned, light applications of super- 
phosphate — 100 to 250 pounds an acre — did not, in most cases, 
materially influence the phosphoric acid content of the crop. With 
heavier apphcations — 500 to 1,000 pounds an acre — there was usually 
some increase in the phosphoric acid content of the dry matter. In 
some cases the increase was as much as 40 per cent. 

In the case of potatoes, increasing the amoimt of superphosphate 
applied seemed to have no influence on the phosphoric acid content 
of the crop 

Phosphoric acid determinations were made on a limited number of 
samples of mixed herbage from plots with and without phosphate. 
The results indicate that the phosphate treatment tends to increase 
the percentage of phosphoric acid in the hay However, attention is 
called to the fact that such increases may be due to changes in the 
type of vegetation which the phosphate treatment causes rather than 
actual increase in a specific plant. 
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Table 10 — The effects of phosphoric acid treatment and the application oj othei 
jeiithzeis upon the phosphoric acid content {pei cent) of mixed heihage 


No. 


Treritiiient « 


10 

11 

12 

13 

18 

21 

22 

23 


Limo 

Lime plufc. superphosphate - - 

Lime plus muriate of potash 

Lime plus muriate of potash plus superphosphate. -- 
Lime plus superphosphate plus muriate plus nitrate. 

None 

Superphosphate 

Muriate of potash 

Superphosphate plus muriate of potash.,. 

Superphosphate plus muriate plus nitrate. 


J’crcont- 
aKo of 
phos- 
phoric 
acid as 
r205 


0 750 
052 
704 
998 
958 
721 
940 
687 
. 940 
940 


A\ erage. 


rSuperphosphate 955 

INo superphosphate.. 717 


® Poimds per acre Lime, 670, superphosphate, 600, muriate of potash, 100, and nitrate of soda, 100 


INFLUENCE OF PHOSPHORIC ACID TREATMENT ON THE PHOS- 
PHORUS CONTENT OF POTATOES AND YOUNG RYE 

The soil for the experiment on potatoes and young rye is a Sassafras 
loam of fair quality It contains 0 11 per cent phosphoric acid 
The work was started in 1924, and the plots have received annual 
appheations of fertilizer made so that the minimum application has 
been 1,600 pounds an acre The minimum application of 16 per cent 
superphosphate has been 400 pounds an acre and the maximum 
1,600 poimds The treatments for the different plots are shown in 
Table 11. 


Table 11 — Treatment of plots used in potato and 7 ye expei intents 


Plots 

Fertilizer mivture 

Pounds of 
phosphoric 
acid applied 
per acre 

Plots 

(number) 

Ferldizer mixture 

Founds of 
phosphoric 
and ai)])lied 
per acie 

(number) 

N 

P 2 O 5 

K 2 O 

N 

r2<)5 

RjO 

«4 

4 

0 

1 

0 

2 

4 

12 

4 

192 

2 

4 

4 

4 

64 

2 

4 

16 

1 

256 

2 

1 

4 

1 1 

S 

1 

128 







« Checks 


Samples of potatoes from check plots and from those recoumg the 
4-16-4 fertilizer were analyzed for phosphoric acid in 1924 and m 
1930. In 1924 the check plot gave 0 16 per cent phosphoric acid in 
the potatoes and the 4-16-4 plot also gave 0 1 6 per cent In 1930 the 
check plot gave 0.14 per cent phosphoric acid in the potatoes, and the 
4-16-4 plot 0 145 per cent 

Yan Slyke® in his table of analyses of different crops gives 0 15 as 
the average percentage of phosphoric acid in potato tubers 


« Van Sm ke, L L fertilizers and crops, or, the scienci- and practice oj- plant-i* i* ei)in(», a pres- 
entation OF facts, giving PRACTICAI methods BOR USIN(i FERTILIZERS IN CROP (.ROWING, WITH SPI'ClAL 
emphasis on the reasons underlying their use, and ON THE CONDITIONS OF THEIR GREATEST EfU- 
CIENCY p 719 New York 1912 



VITAMIN A AND PROTEIN CONTENT OF VARIOUS 

PISH MEALS ‘ 


By L A Mainard, Piofessor of Ammal Husbandry y R. C Bender, Analyst, 
and C M McCay, Research Assistant Professor of Animal Husbandry, Ammal 
Husbandry Department, Cornell University Agricultural Experiment Station 

INTRODUCTION 

Although fish meals are derived from widely different sources of 
natural supply and are subject to very different methods of treatment 
before bemg placed on the market, they are usually classed by the 
stockman who employs them m animal feeding merely as fish meal 
On the assumption that these products, differing in origm and m 
method of manufacture, might also differ in nutritive value, ^ an inves- 
tigation was undertaken to ascertam whether there are any important 
nutritive differences among the products which are popularly known 
under the general term “fish meal This mvestigation has been in 
progress for three years, and the results so far obtained are here 
reported. 

DESCRIPTION OF FISH MEALS USED 

During the course of the investigation seven different fish meals 
have been employed. For convenience of reference these products 
are listed in Table 1, with certain data as to their sources and the 
methods of their manufacture. White fish meal is made from non- 
oily fish, principally cod and haddock, and consists of the heads, tails, 
fins, backbones, and the flesh remammg from the cuttmg of the fillets 
The entrails are removed at sea and thus are not included The 
material is cooked and then dried The three products used were all 
vacuum dried at low temperatures, as shown in the table The men- 
haden is an oily fish, and the meal is the residue after the removal of 
a portion of the ofi by pressing and cookmg The dried product stfil 
contains from 4 to 12 per cent of oil. The higher values are found in 
meals containing unpressed fish from catches too low in oil to warrant 
pressing. Most of the menhaden meal now on the market is flame 
dried at a high temperature, as were two of the products studied 
The third product listed was a steam-dried meal produced experi- 
mentally by the Bureau of Fisheries, as described by Harrison { 6 ) ^ 

Table 1. — Fish meals used during the investigation 


Meal 

1 

Parts of fish included 

Method of drymg 

Whitfl, "NTn 1 

Entire fish less side meat (fillets), less entrails 

Vacuum dried under 105® E 

White Nrt 2 


Vacuum dried at about 116® F. 

WhitA^ "Nln 3 


Vacuum dried at about 100® F 

TT XIX Ua 

Menhaden, No, 1,-. 
VCenhaden No 2--« 

Entire fish less a portion of the oiL.-— 

Flame dried at 500®-600® F 


Flame dried at 500°-600® F 

IVTenhaden No 3 


Steam dried at 120®-200® F 

Rilcharfi * 


Indirect-heat dried at 300®- 



400® F 


1 Received for publication Dee 4, 1931, issued May, 1932. 

2 Reference is made by number (italic) to Literature Cited, p 603 
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Undoubtedly there may be conditions in which it would be profit- 
able to apply rather large quantities ol* superphosphate for the purpose 
of increasing the phosphoric acid content of the dry matter. 

The soils used in these experiments varied in phosphoric acid con- 
tent from 0.1 to 0 8 per cent, but the phosphoric acid content of the 
soil evidently had little or no infiiience on the phosphoric acid content 
of the crop, since soybeans grown on Colts Neck loam containing 0 8 
per cent P20r. contained no more phosphoric acid than did those 
grown on Sassafras loam with about 0 1 per cent P2O5. 

In comparison with the changes that may be wrought in the nitro- 
gen content of plants by the application of nitrogenous fertilizers, the 
changes in phosphorus content produced by phosphate treatments are 
relatively small 
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Table 3 — Growth of male and female rats when fed various fish meals, or tankage 
and suppleynents, combined with com 


I 



Diet 


Animals 

Average weight 
at start 

Average gam m 
10 weeks 

No 

Ingredients 

Protein 

content 

Males jpemales 

1 

Alales 

Females 

Males 

Females 

1 

Corn and white meal No 1 

Per cent 
14 4 

I 

Number, Number 
5 5 

Grams 

53 

Grams 

58 

Grams 

215rt8 

Grams 

128=b4 

2 

Corn and white meal No 2 

14 8 

5 

5 

58 

56 

237=fc9 

147db3 

3 

Corn and white meal No 3 

14 6 

5 

5 

62 

46 

217=b8 

135=b5 

4 

Corn and menhaden meal 

14 3 

5 

5 

55 

59 

I96=b5 

141i:6 

5 1 

Corn and pilchard meal 

14 3 

5 

5 

57 

58 

153±6 

118d=7 

6 

Corn and tankage 

14 5 

5 

5 

53 

56 

I 177±8 

117=fc4 

7 

Corn and tankage plus yeast and cod- 
liver oil 

14 5 

5 

5 

52 

56 

221±5 

i 125±4 

8 

Corn and white meal No 1 

11 5 

5 

5 

56 

49 

153=1=6 

i 119=h6 

9 

Corn and tankage 

11 5 

5 

5 

52 

55 

102=1=7 

94=b4 

1 


It is noted in Table 3 that five male and five female rats were used 
with each diet Because of their different growth rates the data for 
the two sexes are averaged separately. Since the males grew faster, 
their quantitative requirements for the various nutritive factors ex- 
ceed those of females, and thus growth expermients with males con- 
stitute a more rigid test. 

From a study of the data for average gain in 10 weeks on the first 
six diets, it IS seen that in general the w'Mte meals gave better results 
than the other supplements Considering odds of 30 : 1 as practical 
certainty, the results with the males show each cod and haddock 
meal significantly superior to tankage Numerically superior results 
are shown in each comparison for the females also, and in the case 
of white meal No 2 the difference is clearly significant. At the lower 
level of protein intake (diets Nos 8 and 9) significantly better results 
are shown for white meal No 1 m the case of both sexes On the 
basis of the results with males each white meal proved significantly 
superior to pilchard meal The results with females are numerically 
superior in the case of the white meals Menhaden is shown to be 
superior to pilchard — numerically for females, significantly for males 
White meal No 2 gave significantly better results than menhaden 
meal m the case of the males, and numerically so in the comparison 
with females The results with diets Nos 6 and 7 show that at 
least one of the limiting factors in the com and tankage diet was its 
vitamm content 

The results set forth m Table 3 clearly indicated that marked 
nutritive differences exist among certam of the products studied but 
furnished no definite mformation as to their nature. Therefore, 
more specific studies were undertaken. 

VITAMIN A STUDIES 

It was recognized that differences betw'^een oily and nonoily fish and 
differences as regards heat treatment in drying might be expected to 
result in meals varying markedly in vitamin A content. It was 
decided to study this question by a comparison of the vacuum-dried 
white meal with the menhaden meal dried at a much higher temper- 
ature The analyses of the meals used in these and succeeding 
studies are given in Table 4 
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Pilchard uieal consists of whole sardines from winch a portion of 
the oil may have been extracted, and of heads, tails, and entrails 
resulting as a by-product from the canning of sardines In analysis 
the product is similar to menhaden meal 

The drying temperatures shown m Table 1 are based upon informa- 
tion from the manufacturers Some of the products were undoubtedly 
subjected to higher initial temperatures than those shown No in- 
formation IS available as to the time factors involved. For a detailed 
discussion of the methods of preparation of various fish meals the 
reader is referred to the reports by Harrison (d) and Fiedler (5). 

PRELIMINARY GROWTH STUDIES 

Two preliminary experiments were carried out in 1928-29, which 
were expected to give general infoimation only, as a basis for planning 
more specific studies These experiments are reported briefly With 
summarized results 

First a study was made in which a diet of 92 parts of yellow coj-n 
and 8 parts of white meal No 1 was compared with a combination of 
90 parts of corn and 10 parts of tankage. Both diets contained 
approximately 13 5 per cent of protein. Twelve male rats were placed 
upon each diet shortly after bemg weaned, and growth records were 
kept for 1 6 weeks The data are presented in a condensed form m Table 
2. They indicate that the diet containmg fish meal was superior to 
the tankage combination This result is in accord with the observa- 
tions of other investigators, as recently reviewed by Manning (^0). 

Table 2 — Growth of 12 male rats on a diet of corn and fish meal as compared with 
growth of 12 male rats on a diet of corn and tankage 


Diet 

Average 
weight of 
rats at 
start 

\\erage 
gam m 
weight 
during 

0 w'eeks 

Average 
gam m 
weight 
durmg 

16 weeks 

Corn and white meal No, 2 __ _ . 

Corn, and tankage - . - 

Grams 

4f> 

47 

Gramt 

120±lt 

8(>±r> 

Grams 

22<)±r) 

lf»0i5 



A survey experiment was next carried out m which six different fish 
meals were studied The essential data aic shown in Table 3 In 
the first five diets corn and fish meal were combined m the pro])or- 
tion 90 to 10^ In diet No 6, 89 parts of corn to 1 1 of tankage wore 
used The six diets are similar m protein content, a,s shown by the 
percentage figures which are based on an analysis of the fish ineals 
used and the average figure of 9 3 per cent for corn Diet No. 7 is 
the same corn and tankage combination used in diet No, 6 ])lus 0 5 
of yeast and 3 drops of cod-hver oil daily per rat. Tliose additions 
were made in view of the poorer results obtained with tankage in 
the first experiment to ascertam whether they were due to vitamin 
deficiencies Diets Nos 8 and 9 were used to compare the two com- 
binations at a lower protein level 
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liberal and m nearly tlie same quantities, indicating that failure to 
eat was not the primary cause of the poorer growth on diets Nos. 11 
and 12. During the seventh week, despite their very slow growth, 
the rats on diets Nos 11 and 12 were eating 15 to 25 per cent more 
food per unit of body weight than those on diet No 10, quantities 
markedly in excess of their maintenance requirements. 

This vitamin A experiment was repeated, the same diets, Nos. 10 
and 12, being used, as shovn in Table 5, and also diet, No 13, con- 
taimng the steam-dtied menhaden meal Ten rats were given each 
ration The growth data are shown in Figure 1, B. Again the rats 
on the white-meal diet grew practically normally during the experi- 
mental period and no xerophthalmia developed, a marked contrast to 
the performance on the menhaden diets. Apparently the rats used 
in this second experiment had less reserve vitamin A in their bodies 



colon\ See Table for composition of rations 

at the start, for the xerophthalmia developed earher on diet 12 than it 
did in the first experiment At the close of the fifth 'week all the rats 
on diets Nos 12 and 13 exhibited the disease, and all except two 
(on diet No. 12) were losing weight. Thus these groups 'were dis- 
continued at this time It is seen in the chart that the rats on the 
steam-dried menhaden meal (diet No. 13) grew no better than those 
on the flame-dried product (diet No. 12). At the close of the five 
weeks all of them contracted xerophthalmia and ail were losing weight. 

In order to make certain that failure to consume as much of the 
menhaden meals was not responsible for the poor results with them, 
a further comparison of the white meal and the steam-dried menhaden 
was made by the curative method. After the growth of the experi- 
mental animals had ceased upon a vitamin- A-free diet the meals were 
added at the rate of 1 g per rat per day. The results of this test are 
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Table 4 — Percentage composit%on of whUe and menhaden fish meals 


UQtii 


White, No 1 

Menhaden, No 1. 
Menhaden, No 2. 
Menhaden, No 3. 


Water 

Ash 

"PioUmu 

Fnl 

7 

19 01 

(.4 08 

2 (.0 

5 49 1 

21 00 

69 f>() 

7 21 

r> 19 

21 m 

(>0 82 

0 14 

7 00 

lb 60 

69 68 

11 83 


In the first experiment the white meal and menhaden meals Nos 1 
and 2 were used. They were fed as diets Nos 10, 11, and 12, shown 
in Table 5. It is noted that the diets were made up in such a way as 
to provide substantially the same percentage of protein and the same 
calorific value m each. Dried yeast was added to provide the vita- 
min B complex. Irradiated ergosterol was fed separately to provide 
vitamin D. 


Table 5 — ComposiHon oj diets used in vitamin A expeiiments 


Ingredients 

Composition of diet No 

1 .. . 

1 

10 

11 

12 

13 

White meal No 1 — 

^ _ _ parts __ 

19 0 




Menhaden meal No 1 - 

.Tdo 


20 



Menhaden meal No 2 

do— 


j 

20 


Menhaden meal No 3— — 

do 




20 

Lard,— - — 

.do 

20 5 

20 

20 

19 

Sugar - 

.do 

10 

10 

10 

10 



45 5 

45 

45 

46 

Yeast - - 

..do 

5 

6 

5 

5 

Prntftm 

_ ___Dt»reent- 

14 38 

14 51 

14 77 

14 63 







® In addition to the above each rat received 0 001 mg of irradiated ergosterol daili 


Ten male rats were placed on each diet shortly alter being weaned 
and were fed for a period of eight weeks The growth data are shown 
in Figure 1, A. The broken cuive represents the normal growth of 
the colony. The experimental grow'th ciiives are plotted from the 
average weekly weights of the 10 rats It is noted tliat the rats on 
the white meal made practically normal growth. No signs of xeroph- 
thalmia developed m the S-week experimental period. On the other 
hand, the growth on the other two diets became progressively poorer 
as the experiment continued, and the total growth reached at tlie 
end of eight weeks was less than half that produced on diet No. 10. 
On diet No 1 1 the first case of xerophthalmia appeared during the sixtli 
week. Dunng the next week the trouble developed in seven other 
rats, and the total cases reached eight during the last week None of 
these eight rats made any gam dunng this last week, and some of 
them lost weight The small increase for the ^roup as shown in 
Figure 1, A, was due entirely to the two rats which thus far showed 
no signs of xerophthalmia. The history of the development of this eye 
trouble was similar with diet No. 12. At the close of the experiment 
only one rat failed to show symptoms of the disease, and two had 
alread}^ died from it 

The rats were allowed to feed ad libitum, but food-intake records 
were kept during the first two weeks and again during the seventh 
week. During the first two weeks all the diets were consumed in 
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diets containing these meals The diets were made up to supply a 
level of 7 per cent of protein calories These diets are shown in 
Table 6 The experiment lasted nine weeks, and the growth records 
are presented in Figure 3 ^ It is noted in Figure 3 that the best 
growth was made on the white meal (diet No. 17) and the poorest on 
the flame-dried menhaden (diet No. IS), the steam-dried product 
(diet No 19) occupying an intermediate position 

Table 6. — Composition of diets fed in protein experiment in which the gtoup- 

f ceding method was used 


Composition of diet No «— 


Ingredients 


White meal parts.. 

Flame-dried menhaden meal do 

Steam-dried menhaden meal do 

Lard_ do 

Sugar do 

Cooked starch do 

Salt mixture do 

Protein per cent.. 

Energy per gram calories.. 

Protein calories per cent.. 


17 

18 

19 

12 9 



13 8 



13 5 
18 5 

19 7 

19 2 

10 0 

10 0 

10 0 

55 4 

, 55 0 

56 0 

2 0 

2 0 

2 0 

8 3 

8 2 

8 1 

4 74 

4 69 

4 74 

7 0 

6 9 

7 0 


® In addition to the above each rat received 200 mg of yeast and 3 drops of cod-liver oil daily. 


These results were considered as suggestive only, and a second 
experiment was conducted in which individual food records were 
kept The rations 'used are shown in Table 7. In this experiment 
a higher protein level was used than in the first experiment; also 
more starch and less lard were included. 


Table 7 — Composition of diets fed in protein experiment m which the limited^ 
individual feeding method was used 


Ingredients 


White meal 

Flame-dried menhaden meal 
steam-dried menhaden meal 

Lard 

Sugar 

Cooked starch 

Salt mixture 

Protein 

Energy per gram 

Protein calories 


Composition of diet No • 



20 

21 

23 

parts 

14 7 



do 


15 3 


do 


15 6 

do 

15 5 

14 9 

14.0 

_...do-..- 

10 0 

10 0 

10 0 

....do—. 

58 8 

58 8 

59 4 

do 

1 0 

1 0 

1 0 

.per cent-. 

9 3 

9 3 1 

9 3 

..calories.. 

4 42 

4 41 

4 45 

.per cent-- 

8 6 

86 

8 6 


® In addition to the above each rat received 200 mg of yeast and 3 drops of cod-liv er oil daily 


The second experiment was conductedFin accordance with a modi- 
fication of the paired-feeding method^ The available animals were 
divided into groups of three, the animals comprising a given trio, 
bemg as nearly alike as possible Six groups were selected in this 
way One animal from each tno was placed on each of the three 
rations For a given trio the food intake was governed by the animal 
consuming the least, but as a given animal attained a greater weight 
than the animal regulatmg the food intake of the group, it was fed 
additional rations to enable it to meet its higher maintenance require- 
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shown in Figure 2 It is shown that the white fish meal caused a 
resumption of growth nearly compai'ablo to that of the butter, while 
the steam-dried menhaden was ineffective, and that the animals 
continued to lose weight and died as did the controls Witli the 
white meal the xerophthalmia was cined, while witli the menhaden it 
became progressively worse until death 
It is clear from these three expcnments that the_ vacuum-dried 
white meal proved markedly superior to the flame-dried and steam- 
dned menhaden meals m vitamin A content. It was rather sur- 
prising to find the white meal so effective in view of its low oil con- 
tent, and of the further fact that the oil present is presumably a body 
oil. Haddock oil, which probably makes up a, considerable pro- 
portion of the oil present, is certainly not rich in vitamin A, according 



Figure 2 —Growth of rats when fed butter and fish meals as a source of vitaimn A A, Control, 
B, menhaden meal, C, butter, D, white meal Veilical lineb indicate points at which supple- 
ments were added to the basic ration 


to the work of Kik and McCollum (9). Bohstodt and coworkers (3) 
have shown menhaden meal, presumably a flamo-driod product, to 
be lacking in vitamm A. Whether the poor results obtained with the 
menhaden products were duo to the destructive action of the drying 
process or to a low vitamin A content in the raw material is not brought 
out by these experiments Earlier experiments by M ayiiard and Miller 
(11) showed that menhaden oil contains vitamin A in liniitod amounts. 

PEOTBIN STUDIES 

A study of the nutritive value of the proteins of representative 
fish meals was next undertaken. White meal No. 1 and menhaden 
meals Nos. 2 and 3 were used The first experiment consisted of a 
comparison of groups of nine rats each given access at all times to 
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ences in maintenance requirements as would provide each pair with 
an equal food intake for growth In order to do this it was obviously 
necessaiy to^ have values foi the maintenance requirements of rats of 
different weights The values used by the writers were w^orked out 
from data by Osborne and Mendel These investigators present 

the mtakes of a purified diet by rats of different weights receiving 
just enough food to hold them at nearly constant weight for periods 
of three weeks From their data it was possible to calculate the 
calories reqmred per week per gram of rat for mamtenance On the 
basis of the caloric value of 4 45 (the highest one shown in I'able 7), 
it was calculated that the following quantities of the diets used m 
the e^enments here described would be required for maintenance at 
the different weights : 


Grams of diet 

W eight of required for main- 

in tenance per gram 

glams of rat per week 

50-75 0. 50 

75-100 .46 

100-125 .36 

125-150 . 36 

150-175 . 35 


It is recognized that the calculation of these values involved cer- 
tain assumptions There is an experiment m progress in this labora- 
tory by McCay and CroweU which is furnishmg veiy complete data 
regardmg the maintenance requirements of rats On the basis of 
calculations from the data available to date, namely, for rats of 
various weights up to 100 g, the requirements have been found to 
be approximately 10 to 15 per cent less than those represented by 
the data in the preceding table The results of this study now m 
progress suggests that the maintenance allowances used in these 
experiments weie somewhat too high The bearing of this upon the 
results of the experimentation vill be referred to later 

During the first two weeks of tliis experiment each rat of a given 
trio was fed the same quantity of food, governed by the consumption 
of the ammal eatmg the least At the close of this period, in each 
trio the rat that was consuming the least weighed markedly less than 
the other two. From this time on the two heavier rats of the trio 
were given additional food to provide for their extra maintenance 
needs. For example, rat 19 of trio 1 (Table 8) weighed 64 g at the 
end of the two weeks, while rat 18 weighed 80 g and rat 32 weighed 
86 g Since rat 18 was 16 g heavier than rat 19, it required 16 X 0.46, 
or 7.4 g additional food a week for maintenance, on the basis of the 
reqmrement for rats weighing 75-100 g previously listed Similarly, 
rat 32 required 10 1 g additional During the following week these 
amounts were allowed the rats in question in addition to the amount 
consumed by rat 19 At the close of the thhd week similar calcu- 
lations were made, and so on for each trio to the close of the 
experiment 

The food intakes and the growth records are presented m Table 8 
These records cover an experimental period of nine weeks In trio 
6 the rat on the steam-dried menhaden died from an accident dur- 
ing the fourth week, and thus the records are presented for the other 
two only. In comparing the gams made it is seen that in ah six 
comparisons the rat receivmg the white meal made a larger gam 
than its mate on flame-dried menhaden meal An analysis of these 
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incnt This procedure, wliich ddlVrs iVoni the absolute eijualizatioii 
of food used by Mitchell in lus pairod-fecdityc: e\])enineiits, recjuiros 
explanation 

The argmueiit for the absolute ecpuilizatioji of food in the paired- 
feeding method is that if one is suiierior to another for growth its 
superiority should be evident at eciiial levels of food intake. How- 
ever, as the animal on the supeiior ration increases in weight over 
its mate its maintenance requirement becomes greater than that of 
its mate Under these conditions an equal food intake for both means 
that the larger animal must be using a larger proportion for mainte- 
nance, and less remains for growth promotion Under these condi- 
tions an absolute equality of food intake means that the quantities 
available for the specific function which is being used as the criterion 
in comparing the two rations are not equal The faster-growing 
animal is penalized It may be accepted that if a given ration con- 
tinues to produce superior growth under these conditions, the con- 
clusion that it is superior 
is made stronger thereby 
However, the data would 
seem less useful for a quan- 
titative comparison, and an 
opposite result might make 
the mterpretation less clear. 
At least, it would seem 
theoretically sound m using 
growth as the measure to 
__ endeavor to equalize the food 

Figure 3 — Gro^vth of rats when allowed unrestricted access availaWe for this function 

to fish meals as a source of protein, at a level of 7 per cent Xu 1916 Os 001116 aiKi Men- 

ofprotemcalor.es See Tahlo 6 tor compoa.Uon of rations Compared the effi- 

ciency of various proteins m inducing growth, keeping the food intakes 
the same for the different rations In their discussion they state 
il5,P 4)- 

^ * inasmuch as the animals weie all leceivmg the same absolute airiounis 

of food on the coi responding day of each peiiod, the lapidly glow mg animals were 
actually put at a disadvantage m having a smaller allow^aiicc of lood per nml of 
body weight ^ 

Armsby (^ ), in his plan for studies of the growth of calves by means 
of paired-feedmg experiments, specified that the ration should be 
adjusted m accordance with the increasing Jive weight of the animal, 
but that the energy supply of both ammals ol a pair should be kept 
the same per 1,000 pounds of live weight In discussing the paire<l- 
feedmg method, Mitchell and Beadles (/^, p 227) state: 

If one lation is supeiior to another m the support of an aumial function sneh 
as growth, its supeiionty should be evident when the intakes of both rations ))y 
comparable animals is the same, either absolutely or in proiiortion to some 
determinant of food leqiurements, such as body weight, oi a matlnanatical func- 
tion of body weight 

In cqmpanng rations for milk production it is standard practice 
to provide for the different maintenance requirements of the animals 
first and then to equalize the mtakes m tenns of the function being 
studied 

In view of these various considerations it seemed worth wliile to 
try out a procedure which would involve such adjustments for differ- 
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pair giving contrary results the difference m favor of the flame-dried 
product was only 6 g An analysis of the data for the five pairs by 
Student's method reveals odds of 40 : 1 favormg the steam-dried meal. 
It seems highly probable, therefore, that the results demonstrate its 
superiority, despite the erratic results from the comparison in trio 5. 

For each trio the food-intake data are divided into a basal intake, 
which was governed by the amount eaten by the ammal consuming 
the least, and an extra allowance for maintenance, which was given 
the faster-growing rats, based on their increased weight as previously 
described. Assuming that the extra allowances for maintenance 
were actually needed for this purpose, the gams per gram of basal 
food could be considered quantitative measures of the relative eflBci- 
ences of the different meals as sources of protein for growth. How- 
ever, as has been stated, experiments in progress indicate that the 
maintenance allowances were somewhat excessive This would 
serve to give the faster-growing and thus heavier animals an advan- 
tage as regards food available for growth Thus the differences m 
protein efficiency can not be considered as large as the differences 
in gam per unit of basal food would suggest. As a further measure, 
the gain per gram of total food is shown It is noted that without 
exception the white meal proved superior to both the menhaden meals 
in this respect and that the steam-dried menhaden proved superior 
to the flame-dried in four out of five cases and equal m the other 

The method here used of allowing additional food m accordance 
with higher maintenance needs worked out satisfactorily in the 
present instance and is believed to be worthy of further trial. It 
seems theoretically sound, provided the experimenter has data as to 
maintenance requirements applicable to the conditions in his colony 
Perhaps some of the published data on the basal metabolism of the 
rat could be adapted for the purpose. Whatever data are used, it 
is evident from the studies of Benedict and MacLeod {2) on the heat 
production of the rat that account must be taken of environmental 
temperature 

As a result of the trial here reported, certain possible difficulties 
m carrying out the method can be foreseen. The use of trios instead 
of pairs may present certain difficulties even where the food intakes 
are absolutely equalized, and it is believed that the use of the present 
method should be limited to pairs Even here one can forsee the 
possibility that the rat consuming the least might be the heavier if 
its ration was much more efficient but much less palatable Under 
these conditions, with the basal intake being governed by the heavier 
ammal, an additional amount for maintenance figured for the latter 
would of course not be consumed. The only practical way would be 
to decrease the food given the lighter by_ the amount in question 
Again with the usual situation of the lighter rat consuming the 
least, the appetite of its mate might not at all times prove sufficiently 
greater to cause it to consume completely its adffitional allowance 
for maintenance. Even if either of these possibilities happened only 
in an occasional week, it would serve to complicate the working out 
of the method None of these possible complications were encount- 
ered in the present experiment. Further trials of it are needed to 
show whether they are likely to happen with sufficient frequency to 
make the method impracticable. 
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data by Student’s methods sliows that the odds favorinp; tlic white 
meal aie greater than. 3,000:1. The white meal is also shown supe- 
rior to the steam-dried menliaden m the five comparisons made A 
statistical analysis shows that the odds are 350:1 m favor of the 
white meal 

TabIjE 8 — Growth mid food recjnd'i (groMu) of laU dwing a 9-wcck piofnn ex pen- 
went vn which the hnvited-indwuhtiil-feedviiq method wan vsed 


(iiowth and food consuniplion dal a foi rats in-~ 


Item 

Trio 1, rat No — 

Trio 2, rat No *— 

'frio 3, rat No — 

19 on 
name- 
1 dried 
men- 
liaden 
meal 

18 on 
steam- 
dried 
men- 
haden 
meal 

1 

32 on 
white 
fish 
meal 

30 on 
flame- 
dned 
men- 
haden 
meal 

31 on 
steam- 
dried 
men- 
haden 
meal 

28 on 
white 
fish 
meal 

275 on 
flame- 
dned 
men- 
haden 
meal 

27() on 
steam- 
diied 
men- 
haden 
meal 

277 on 
white 
fish 
meal 

Initial weight - 

39 

41 

39 

44 

47 

45 

39 

37 

35 

Final weight 

1 112 

1 

101 

178 

123 

159 

215 

92 

150 

180 

Gam 

I 73 

120 

J39 

79 

112 

170 

63 

119 

145 

Basal food intake 

4U 

417 

4H 

477 

477 

480 

380 

382 


Extra food for maintenance 

0 

88 

104 

0 

40 

93 

0 

89 

120 

Total 

1 414 

505 

517 

477 

617 

573 

380 

471 

513 

Gam per gram of basal food— 

18 

29 

34 

17 

24 

36 

14 

31 

38 

Gam per gram of total food.-. 

18 

24 

27 

17 

22 

30 

14 

25 

28 


Growth and food consumption data for rats m— 


Item 

1 Trio 4, rat No — 

1 

Trio 5, rat No — 

Trio 0, rat No — 

10 on 

I flame- 
1 dried 

1 meii- 
1 haden 
' meal 

10 on 
steam- 
dried 
men- 
haden 
meal 

lion 

w'hite 

fish 

meal 

24 on 
flame- 
dned 
men- 
haden 
meal 

25 on 
bteani- 
di led 
men- 
haden 
meal 

26 on 
white 
fish 
meal 

12 on 
lUme- 
(h led 
men- 
haden 
meal 

1 1 on 
ste im- 
dned 
iiien- 
hailen 
meal 

17 on 
while 
fish 
meal 

Initial weight 

30 

40 

41 

34 

32 

34 

35 

f") 

31 

Final weight 

111 

144 

182 

110 

108 

154 

93 

C«) 

150 

Gam 

75 

104 

141 

82 

70 

120 

58 

Jf) 

125 

Basal food intake 

431 

431 

431 

413 

411 

414 

iSK 


*389 

Extra food for maintenance... 

0 

60 

110 

33 

0 

90 

0 


81 

Total 1 

431 

497 

550 

140 

41( 

510 

388 

^ 

470 

Gam per gram of basal food— 1 

,17 

24 

33 

20 

, 18 

20 

15 



Gam per gram of total food...| 

17 

21 

20 

18 

JH 

21 

15 


t 

27 



— 


- 

_ 

1 
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A comparison of the data for steamed menhaden with those for 
flame-dned menhaden shows that gr-eater gains were mad<‘ on the 
lormer in four of the five compaiisons It is sometimes considered 
that with five pairs the results with eveiy pam should favor a given 
ration it they are to be considered significant in demonsti-atiug the 
superiority of the ration. However, such a criterion does not take 
tull advantage of the data in the present 'comiiarison In tlie four 
pairs in which the steam-dried meal proved sn])orior the difforences 
m gams range from 29 to C6 g, the mean lieing 44 g, wlnle in the one 
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menhaden and the latter superior to a flame-dried menhaden as 
regards protein efl&ciency for growth The results suggest that 
differences m heat treatment are at least partially responsible for the 
nutritive diffeiences found. 
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This second protein experiment cheeks the first one in showing that 
the protein of the vacuum-dried white lisli jnejil is superior to that 
of the menhaden meals. It seems probable that the difTerenccs in 
heat treatment are jirimarily iHvsponsible for these dilFerences In 
fact, since the menhaden meal contains tJie entire fish, including the 
entrails, while the white meal consists of residues from the cutting 
of fillets and does not contain any entrails, one w^ould rather expect 
any diflereiice in the raw material to be in favor of the menhadem 
On the other hand, Ingvaldsen (7) has shown in lus mlrogcn-parti- 
tion studies that high temperatures have a detrimental olfect upon 
protein quality This investigator found that temperatures above 
195° C. reduce certain essential ammo acids, and he concluded that 
the biological value must be lessened thereby Morgan {13) has 
reported that the protein of cereals subjected to dry heat or toasting 
at approximately 200° for 45 minutes is not well utilized for growth 
The differences m heat treatment shown m Table 1 may be sufficient 
to explain the differences in protein efficiency found for the products 
studied m this experiment Ingvaldsen {8) found that putrefaction 
also had a deleterious influence, a fact which may be a further explan- 
ation of the poorer results obtained with the flame-dried menhaden 
It is recognized that putrefaction occurs to a certain extent in the 
course of the handling of the material before it is dried, in the case 
of some of the commercial products at least 

Evidence that the heat treatment is the primary factor concerned 
in the differences in the protein efficiency of fish meals is fur- 
mshed by Darnel and McCollum {4) From a comparison of various 
fish meals on the basis of protein content, it is reported that vacuum- 
dried meals are superior to flame-dried meals and that vacuum- 
dried cod and menhaden meals are similar in feeding quality 
Another finding of these investigators, which, however, is not in 
agreement with the results here reported, is that a steam-dried 
menhaden meal is equal or superior to a vacuum-diied wliitc fish meal. 
On the basis of the analytical figures given, it is evident that a different 
wdute meal from the one employed m these experiments w^as used. 
It is possible that maiked differences exist in the vacuum-dried whit<‘ 
products on the market Fiom a practical standpoint fuitljer c.are- 
fully controlled comparisons of the various commercial vaiunun-driccl 
products arc needed, not only to ascertain whetlicr theri^ arc markc'd 
differences among them, but also to ascertain how uniform the 
product of a given manufacturer is. 

A continuation of the protein studies in this laboratory, by the 
nitrogen-balance method, has resulted in more specif inlorrnation, 
■which is reported by Schneider {16) 

SUMMARY 

Seven different fish meals, five of them comincixual prodiuits sold 
for animal feeding, have been studied in growth experiments witli 
rats. A preliminary experiment revealed marked difforences among 
certam of the commercial products when fed as supplements to corn- 
meal, although all except one gave better results than tankage 
Vitamin A experiments showed a vaccum-dried white fish meal to be 
a good source of this vitamin, in contrast to a st(‘.am-dricd and to 
flame-dried menhaden meals which proved to bo la<d<ing in xt. The 
vacuum-dried white meal was found to be superior to the steam-dried 
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COMPARATIVE PATHOLOGICAL HISTOLOGY OP THREE 
BACTERIAL DISEASES OP BEAN ‘ 


By W J Zatjmeyer2 

Associate Pathologist, Division of Horticultural Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

With the description of Bactenum jiaccumjaciens Hedges {6) ^ and 
of Bact medicaginis var pkaseolicola Burk (1) in 1926, and Burk- 
holder's comparative study (2) of the bacterial diseases of beans in 
1930, several new bacterial maladies of the bean {Phaseolusvulgaris L ) 
were differentiated from the complex known as blight and believed 
to be caused by Bact phaseoh E F. Smith alone Hedges (6) 
presented a study of the cultural characteristics of Bact flaccum- 
faciens as compared with those of Bact phaseoh, while Burkholder 
differentiated these and other bean organisms on the basis of symp- 
tomatology, host range, and etiology 
In a previous paper the writer (17) reported investigations of 
bacterial blight of beans caused by Bacterium phaseoli, which dealt 
prmcipally with the relation of the parasite to the host It is the 
purpose of this paper to review briefly the seedling symptoms pro- 
duced by the three blight organisms, and to compare particularly 
their pathological relation to the tissues in the seedlmg stage. 


SYMPTOMS 


Since the symptoms of the bacterial blights were fully described by 
Burkholder {2), only a brief rfeume of those on the seed and the 
seedling will be recorded here 

The symptoms produced by the three bacterial pathogenes on the 
seed are difficult if not impossible to differentiate In the case 
of vascular invasion they produce a yeUow discoloration on light-seeded 
varieties Even though Bacterium medicaginis var. phaseohcola is 
nonchromogenic in culture, Burkholder states that on white seeds the 
affected areas are characterized by a maize-yellow to cream color. 
With severe infection, the three organisms may cause shriveling of the 
seed, particularly if the infection takes place previous to the maturity 
of the seeds. On the other hand, it is more difficult to separate these 
diseases on dark-seeded varieties, especially when the infection is 
mild. Often bacterial exudate may be seen at the hilar region, and 
by examining this it is possible to distinguish Bact phaseoli and Bact. 
Jlaccumfaciens from Bact medicaginis var phaseolicola, but not from 
each other, since the color of the exudate of the first two organisms men- 
tioned IS yellow while that of the last is a grayish-white to cream color . 


1 Received for publication Aug 31, 1931, issued May, 19^ ^ ^ 

2 The writer is indebted to L L Harter and W A Whitney for suggestions and criticisms in the 


preparation of the manuscript ^ ^ 

3 Reference is made by number (italic) to Literature Cited, p 632 
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in the lesion When inloction is very severe the plant topples over 
at the invaded region and death results 

Lesions are frequently found below the ground level They first 
appear as water-soaked areas, later becoming red in color, and can be 
seen at the point where the young secondary roots emerge from the 
cortex The lesion may extend upward, involving a considerable por- 
tion of the lowermost part of the hypocotyl 

The symptoms produced by Bactenumflaccmnfaciens may be mani- 
fest when the seedlings are very small. According to Hedges (6, p. 2)^ 
seedlings — 

not more than 2 or 3 inches high may be attacked The wilting and shrivelling 
of the leaves is somelimos accompanied by a dull green or brownish green dis- 
coloration, and the wliole plant may be dead before it has developed more than 
the first pan of loaves. 

In many instances the first symptoms appear on the leaves as water- 
soaked spots which dry out very readily, become papery white in color, 
and arc surrounded by a narrow water-soaked margin The adjacent 
tissues are slightly drawn together because of the lack of development 
of the invaded area The pulvinus of the leaf and petiole often be- 
comes swollen, and small droplets of bacterial exudate accompanied 
by a cracking of the petiole may be seen When the pulvini become 
infected the leadcts may droop. 

MATERIALS AND METHODS 

The plants used in the course of the investigation were grown in 
the greenhouse Bean seeds of each lot infected with one of the three 
bacterial organisms were planted in sterile white quartz sand, and the 
pots subirrigated by placing them in a large pan of water. This 
method prevented possible secondary spread of the organisms, which 
might have taken place if the plants had been watered in the usual 
manner 

When lesions appeared on the seedlings, cultures were made from a 
portion of the plant to determine the specific organism present; the 
remaining portion was fixed in formal acetic alcohol, embedded m 
paraffin, and sectioned. (Hemsa stain (with a 2 per cent aqueous 
Licht Grun or orange G as a counterstam) was employed for material 
invaded by Bacterium phaseoli and Bact. medicagmis var^ phaseohcola. 
Material mvadivl by Bact. ilaccumfaciens was stained with the Gram 
stain because of its positive reaction to this stain, which differentiated 
the bacteria clearly from the host tissues stained with orange G. 

By the use of these differential stains. Bacterium jiaccumfaciens 
was'easily distinguished in the host from the other two organisms. 
Bact, fluccumfaaiem did not stain clearly with the Giemsa stain, but 
stained very well with the Gram stain, whereas Bad phaseoli and 
Bact. 7nedicag%ms var. phaseolicola were not clearly defined with the 
latter, but were distinctly stained m the host with the former It was 
impossible to differentiate the latter two organisms by means of a 
staining reaction 

In the following discussion the naigration of the three parasites — 
Bacterium phaseoli^ Bact medicaginis var. phaseohcola, and Bact. 
jiaccumfaciens — ^will be traced from their penetration into the seed 
to their passage throughout the tissues of the seedling Even though 
Bact. phaseoh and Bact. medicaginis var. phaseolicola produce quite 
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The symptoms produced on seedlings by Bactenuin pliaseoh and 
Bact, mechcagims var phaseohcola are more difficult to differentiate 
than those caused by Bact flaccumfaciens, and hence they will be 
discussed together, except in those cases where the symptoms can be 
distinguished from one another. 

When seeds invaded by either Bactenum pliaseoh or Bad medi- 
cagims var phaseolicola are planted, only those slightly infected 
will germinate, those severely affected disintegratmg in the soil 
It is often difficult to detect symptoms in seedlings grown in the 
greenhouse before the end of about two to three weeks after planting, 
or until they have attained a height of 9 to 12 inches, but occasionally 
small water-soaked spots may be seen on infected cotyledons earlier 

The first macroscopic symptoms usually appear as angular, water- 
soaked spots conspicuous on the under sides of the piimary leaves 
These areas usually occupy similar positions on the two leaves, 
indicatmg that the infection took place while they were still folded 
between the cotyledons These water-soaked regions can generally 
be distinguished from those pioduced by stoma tal or secondary 
invasion, since the latter begin as small circular spots which upon 
enlargement may become angular A yellow discoloration appears 
on the upper side of the leaf directly over the lesions In this stage 
it is often possible to differentiate the symptoms produced by Bac- 
terium medicagims var phaseolicola and Bad phaseoli, for the former 
produces a characteristic halolike zone, water-soaked at the center, 
which may vary from one-half to 1 inch in diameter Bad phaseoh 
also produces a small water-soaked spot which is surrounded by a deep- 
yellow border more regular in outline than that produced by Bact 
med%caginis var phasedicola 

Another symptom in the early stage of growth is characterized by a 
weakness of the piilvmus of the petiole or leaf, resulting in a drooping 
of the leaf during midday and a return to normal turgidity at night 
This condition may continue for a few days, after which the invaded 
pulvinus becomes so weakened that permanent wilting takes place, 
subsequently resulting in the death of the affected parts. Only a 
single petiole or leaf may be so affected, the others remaining healthy 
The invaded pulvinus may take on a reddish coloration, ^hich extends 
along the petiole as a dark water-soaked region, accompanied by a 
longitudmal cracking of the tissues in which may be found a bacterial 
slime or exudate This reddish discoloration in many instances 
follows for a short distance the main veins of the leaf The bacteria 
invadmg the xylem vessels of the leaf may break out from these tissues 
at different pomts, causing the leaf to become somewhat puckered 

The lesions at the cotyledonary node may not appear for some time, 
but gradually they become dark and take on a water-soaked appear- 
ance. Later they turn a reddish brown, and at about this time the 
stem is so weakened at this point that the plant may break over, 
particularly when conditions of high humidity prevail. Under 
conditions of low humidity the symptom may not appear until about 
the time of pod formation, when the stem is girdled by the bacteria 
and froni the weight of the top breaks off at the infected node. 

Bacteria, which enter the cauline stomata or break out from invaded 
xylem vessels, may produce a longitudinal cracking of the stem, which 
later takes on a brick-red color. Often a bacterid slime may be seen 
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Figure 1 — Invabion of bean cotyledon by Bacterium phaseoh A, Bacteria entering small rifts 
in the epidermis and migrating throughout the tissues by way of the intercellular spaces, B, 
advanced stage of A, showing large masses of bacteria causmg a decided enlargement of the 
intercellular spaces with a distortion of the adjacent cells X 680 
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Similar effects on the host, each will be treated separately. With 
respect to cell-wall destruction the three organisms will be discussed as 
one, smee all appear to cause a similar effect on the cells of the host, 

RELATION OF BACTERIUM PHASEOLI TO THE HOST TISSUES 

INVASION OF THE SEED 

Previous investigations by the writer (16) have shown that Bacte- 
rium phaseoh may enter the seed either through the vascular elements 
by way of the funiculus and raphe or through the micropyle, a natural 
opening m the seed Entrance through the micropyle is made possi- 
ble by the bacteria breaking out from the invaded funiculus, from the 
vessels of the dorsal suture of the pod, or from the parenchyma tissues 
of the pod where mvasion began from stomatal penetration It was 
also shown that the bacteria do not enter the cotyledonary tissues 
until germination, when by the imbibition of water the seed swells, 
often resulting m the pulling apart of many of the epidermal cells. 
The bacteria massed on the exterior of the cotyledons at this time 
may enter these rifts (fig 1, A and B), pass into the intercellular 
spaces of the adjacent cells, and m many cases cause the spaces to 
swell to enormous size with a distortion of the adjacent cells (Fig 
1, B ) They may then pass into the vascular elements and fioin there 
enter the xylem ceils of the hypocotyl and epicotyl at the cotyledonary 
node The organism may also enter the stem through the parenchyma 
tissue which connects the cotyledon with the stem. When slight in- 
fection occurs at the distal portion of the cotyledon, the bacteria may 
not traverse the tissues rapidly enough to enter the stem before the 
formation of the abscission layer. ^ In such instances the young plant 
usually develops without becoming infected On the other hand, 
cotyledonary invasion in close proximity to the connecting tissue 
almost always results m the infection of the stem tissues of the seed- 
Img Microscopic examinations have frequently revealed bacteria at 
this pomt in numbers large enough to produce disintegration of the 
tissues of the cotyledon and also of the cortex of the stem adjoining 
this structure, with the formation of large bacterial cavities. 

VASCULAR INVASION OP THE STEM 

As stated above, the bacteria may enter the stem from the coty- 
ledon solely by way of the xylem ceils In such instances the initial 
mvasion is not generally severe and m the early stages the lesion 
produced at the cotyledonary node is not pronounced, smee the 
organisms do not remain there m large numbers but migrate into the 
vessels of the hypocotyl and epicotyl The pathogens is less likely 
to migrate downward than upward. Microscopic examinations 
revealed the presence of bacteria in the vessels of the hypocotyl at a 
distance of 12 to 15 mm from the cotyledons, but below this point 
they were sparsely observed, and their presence in the xylem vessels 
of the root has not been demonstrated, although occasionally they 
have been found in the parenchyma ceils 

If proper conditions of moisture and temperature are afforded for 
the rapid multiplication of the organism, the upward migration may 
be quite rapid If the organism penetrates the stem from both 
cotyledons, many or all of the xylem group of cells may be invaded. 
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INVASION OF THE PARENCHYMA TISSUE 

Penetration of the parenchyma tissue is found in all parts of the 
seedling Bactenum phaseoh, upon entering the cotyledon after 
germination, may migrate through this structure by way of the inter- 
cellular spaces of the parenchyma cells The bacteria are first seen 
there in small numbers. Later the mass of bacteria in the intercel- 
lular spaces, together with the slime in which they are embedded, may 
cause the adjacent cells to become greatly distorted (Fig 1, B.) 



Fiquhe 2,-— Vns(‘ular invasion by Bacterium phaseoh X 800 A, The baetena in the xvlem cells are 
cnusiriK a disinlegration of the wall of one of the xylem cells and a reduction in the thickness of the 
adjacent wall, B, an early staK® of (jell-wall disintegration, the organisms having partially dissolved 
the dividing walls at the center, C, longitudinal section of a \ylein vessel invaded by bacteria, 
D, xylem cells and pits between the cells invaded by bacteria 


The actual entrance of the bacteria into the cells has not been clearly 
demonstrated, although intercellular invasion has been observed in 
numerous instances The organisms may later involve many cells 
and finally cause the disintegration of the cell walls, forming lysigenous 
cavities 

It has been pointed out that the bacteria found in the parenchyma 
cells of the cotyledon may pass into the tissues of the stem Here the 
organisms begin to penetrate the intercellular spaces of the cortical 
cells (fig. 3, F) in the vicinity of the cotyledonary node. The bac- 
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If, on the other hand, only one of the cotyledons is infected, a smaller 
number of xylem cells may be occupied As the organisms increase 
in large numbers in the cells, they often break through the cell walls 
into the adjacent parenchyma tissue, or pass fi’om cell to cell by an 
apparent dissolution of the cell wall 

In tracing the migration up the stem, bacteria have been observed 
to fill completely all of the xylem cells of a vascular bundle to such 
an extent as to give the appearance of a plugging. In the region of 
the first node where the leaf traces originate, stained sections showed 
the xylem vessels to be forming a continuous ring, many of which were 
invaded by the bacteria. (Fig 2, C ) In sections closer to the 
central bud, the xylem vessels were extremely small and were not 
attacked; however, the vessels of the leaf traces were heavily invaded 
by the organism 

A drooping of one or both of the primary leaves either at the pul- 
vmus of the petiole or of the leaflet constitutes one of the most striking 
symptoms found in seedlings infected with Bacterium jphaseoh 
Microscopic examination of sectioned material indicates that because 
of the succulent nature of the pulvinus the bacteria appear to be more 
abundant there than in the cells of the stem or petiole This heavy 
invasion of the pulvinus may rupture the invaded colls, thus permit- 
ting the bacteria to pass into the adjacent parenchyma, with a 
gradual disintegration of these cells As a result, the^ tissues lose 
their turgidity, causing the leaflet to droop at this region In the 
initial stages a drooping of the leaflet takes place during the warmer 
part of the day, its turgidity being regained at night. After the 
infection becomes severe the leaflet remains permanently wilted. ^ 

Later the bacteria may migrate into the vessels of the petiole 
There they frequently rupture the cell walls, pass into the adjacent 
cortical parenchyma tissues, and invade the intercellular spaces to 
such an extent that they are extruded from the stomata, producing a 
bacterial ooze. This condition commonly occurs in diseased seed- 
lings. The organisms eventually enter the vessels of the mam veins 
of the leaf and finally the smaller veins and veinlets Later they 
may break out from these cells and produce water-soaked regions 
extending along the invaded vascular strands Reddish discolora- 
tions of the veins and veinlets are also frequently observed. 

The destruction of the growing tip or buds wHich arise in the axils 
of the primary leaves is often observed in young infected seedlings. 
In severely infected plants the death of the buds may occur at the 
time the seedlings emerge from the soil or after the elongation of the 
epicotyl When only the central bud is destroyed, the so-called 
“snake head” is produced. In such plants new buds often develop 
in the axils of the cotyledons, and if conditions are unfavorable for 
the development of the pathogene, the plant, although stunted, may 
produce a^ small number of pods. ^ This condition is caused not only 
by Bacterium phaseolij but, according to Hawley (5), by the seed-corn 
maggot {Phorhia fusciceps Zett.). Harter (4) also found that the 
threshing operation caused much of this trouble. 

As stated previously, the central or axillary buds may be killed 
after elongation, and in such cases the infection is usually so severe 
that the plant dies Bacteria that invade the meristematic tissues of 
the epicotyl often invade the cells of the growing buds, causing a dis- 
integration of these tissues. 
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teria often increase in numbers rapidly, spreading the cells apart and 
later enteung them, ultimately resulting m their disintegration and 
the formation of bactei*ial cavities 

Bacteria [re(piently break out of severely invaded xylein cells, 
forming bacterial cavities m the vicinity of the vascular bundles, and 
fiom there spread throughout the adjacent tissues by way of the 
intercellular spaces In many stained sections bacteria were noted in 
large numbers, Iniing the innermost layer of cells surrounding the 
hollow portion of the pith . It seems reasonable to suppose that the 
organism could rapidly pass upward throughout the epicotyl in this 
manner 

It has been observed in sections of the epicotyl that the entire 
cortical tissue was invaded (fig 4), but the xylem cells remained intact. 
In such instances bacteria were often found to pass out of the stem by 
way of the stomata (fig 5, B) and produce a bacterial ooze on the sur- 
face, which IS so often noted on infected plants Under favorable con- 
ditions, the bacteria may enter other stomata and cause infection at 
other points 

RELATION OF BACTERIUM MEDICAGINIS VAR* PHASEOLICOLA TO 

THE HOST TISSUES 

Bacterium rnedicagims var phaseolicolaj after entering the seed 
by way of either the raphe (fig 6) or the micropyle (fig. 7), invades 
the cotyledonary cells in much the same manner- as Bact phaseoh. 
No entry into this tissue has been found to occur before germination, 
although bacteria may be found in large masses in the seed coat and 
also around and between the cotyledons 

In slides of stained material, the organisms were found m the xylem 
vessels of the cotyledon (fig 8 and fig 9, B) which are distributed 
throughout this structure In some cases only a few cells of such a 
vascular bundle were occupied, whereas m other instances manjr of 
the cells were filled with bacteria When abundant, the organism 
usually caused the disintegration of many of the cells (Fig 9, B ) 

The organism likewise invades the intercellular spaces of the coty- 
ledonary cells, apparently dissolving the middle lamellae in much 
the same manner as does Bacterium phaseoh If the infection is 
severe enough to cause a breakdown of the tissue, large bacterial 
cavities are produced Intracellular penetration also occurs 

From the cotyledon the bacteria enter the stem of the young seed- 
ling either by way of the vascular tissue connecting these two struc- 
tures or through the intercellular spaces of the parenchyma cells 
If the bacteria pass by way of the xylem cells into the epicotyl and 
hypocot}^!, they are then earned to the xylem cells of the stem, 
causing, in cases of severe infection, a breakdown of the cells (Fig. 
9, A.) The organisms do not appear to travel to a great extent in a 
downward direction, since they are seldom observed m the tissue's of 
the hypocotyl much below the cotyledonary node The bacteria in 
the xylem vessels pass upward, increasing in number, and may, if 
the infection is severe, cause the death of the seedling^ They often 
fail to cause any exterior symptoms for some little time, but later 
they appear on the young leaf vemlets as water-soaked areas and 
finally as reddish discolorations Microscopic examination reveals 
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Figube 5 — 


rross section of stem showing bacteria extruding through the stomata 
A, Bacterium medicagtms var phaseolicola, B, Bact phaseoli 


X 770, 
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in such cases bacteria in the vessels as well as in the adjacent paren- 
chyma tissue 

The vascular tissue of the stems of very young bean plants is not 
well developed The xylem tissue consists of small bundles sometimes 
wholly of either protoxylem or metaxylem cells, although commonly 



PiGURE 1— Bacterium medicagims var phaseolicola entering the bean seed coats through the 
mieropyle The large intercellular spaces of this region altord a means for rapid migration of 
the organism X 185 

both types are present, the proportions of each varying with the 
rapidity of growth of the region in question These cells may vary 
from two to eight in a bundle and are distributed in a radial manner 
around the stem At this stage no secondary thickeniag has taken 
place and the cell groups are separated from one another by paren- 
chyma tissue. 


616 
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Figure 9 —Invasion of bean tissues by Bacterium medicagims var phaseolicola A, 
Cross section of stem near cotyledonary node showing bacterial cavity in the 
region of a vascular bundle, B, crosslSseetion of cotyledon showing bacterial cavity 
in the region of a vascular bundle X 486 
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Stained microscopic sections of the young stem near the region of 
the cotyledonary node show that Bactenum medicagims var phaseo- 
licola^ which had invaded many of the xylem cells, had broken out 
from them and had formed lysigenous cavities m the region of the 
bundles (Fig 9, A) These cavities were often found around 
the larger bundles, the smaller ones consisting of a few cells free of 
bacterial invasion It seems reasonable to suppose that if more than 
half of these cells are destroyed, wMch is often the case, the transpira- 
tion stream of the plant is considerably reduced and death of the 
seedling may result 

The relation of Bactenum medicaginis var phaseohcola to the 
parenchyma tissues of the plant is very similar to that of Bad 
phaseoli The organism is found more frequently in this tissue than 
in the xylem cells, even though vascular invasion is very common. 
The pathogene invading the parenchyma tissues by way of the sto- 
mata multiplies in the substomatal cavity and then passes throughout 



Figure 8 —Vascular invasion of the cotyledon by Bacterium medicaginis var phaseolieola The 
bieterial invasion took place after germination of the seed, and the oiganisms aie restricted to 
the small \jlem cells X 550 


the intercellular spaces of the adjacent cells. The large mass of 
bacteria, together with the slime in which they are embedded, fre- 
quently causes these spaces to become decidedly enlarged with a 
distortion of the surrounding cells. (Fig 10, B, D, E, and F ) 
Intercellular and mtracellular penetration is commonly observed in 
the stems of diseased seedlings that are invaded through infected 
cotyledons (Fig 10, A ) Later the bacteria may cause a break- 
down of many of the cells, forming bacterial pockets of various sizes. 
Similar observations have been made m the cortical region of the stem 
in close proximity to the growing point. In such instances the bac- 
tena may be extruded from the stomata (fig 6, A) or in case of severe 
infection a rupture of the epidermis may occur, with the production 
of a bacterial exudate on the surface of the stem. 


RELATION OP BACTERIUM PLACCUMPACIENS TO THE HOST 

TISSUES 

l4^ Bactenum phaseoli and Boot medicaginis var phaseolieola, 
B^'.^accurnfaciens enters the ovule through either the raphe or the 
micropyle. Bacteria entenng the vascular connection are carried 
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mon to find the growing tip destroyed in diseased seedlings, and it is 
believed that this is caused by the organism in the early stage of 
seedling development 

Seeds infected by the passage of Bacterium flaccumfaciens ^ through 
the raphe seldom produce plants with a diseased epicotyl The patho- 
gene in such instances enters the seed at the side opposite the embryo 
and seldom traverses the seed coat to the extent of passing into that 
part of the seed in close proximity to the young developing seedling 
Under conditions of poor germination, where the seed remains m the 
soil for a number of days, this condition may be brought about, but 
with normal germination such is probably not the case. 

Even though entrance into the embryo has not been observed, 
nuclear changes appear to take place. In numerous sections of dis- 
eased seeds showing the bacteria surrounding the young hypocotyl, 
the cell nuclei appeared to have been absent On the other hand, 
where no bacteria were observed the nuclei were present and appar- 
ently normal. It seems reasonable to suppose that the toxic or 
enzymatic effect of the organism can easily bring about a condition 
of disintegration and death of the nuclei 

Bacterium flaccumfaciens enters the cotyledon at the time of germi- 
nation in much the same manner as Bact, phaseoli and Bact, medi- 
caginis var, phaseohcola It then passes throughout the intercellular 
spaces of the cells and m case of severe infection becomes intracellular. 
The organisms may then pass into the stem either through the xylem 
vessels or by way of the parenchyma cells Severe infection of the 
cotyledon often causes it to shrivel and fall from the stem In such 
cases the region in close proximity to the cotyledonary node is severely 
invaded by the organisms and under favomble conditions they may 
cause the death of the plant 

Unlike Bacterium phaseoli and Bact. medicaginis var phaseohcola^ 
Bact flaccumfaciens does not migrate to any extent in the parenchyma 
tissues but readily becomes a vascular parasite, invading only the 
xylem vessels (fig 11, A, C), giving rise to the distinctive wilt symp- 
toms characteristic of the disease.^ The passage of the organism is 
primarily in an upward direction; it seldom goes far below the region 
of entry* The bacteiia may not enter all of the xylem bundles of the 
stem, but may be restricted to a few vessels in the group If the 
bacteria multiply rapidly the vessels may become filled and often 
rupture, thus allowing the bacteria to enter the adjacent parenchyma 
cells; however, the progress of the organism is slow and seldom spreads 
to any extent into these tissues. The pathogene, if released from the 
vascular tissues, may form lysigcnous cavities in the region of the 
invaded vessels (Fig. 12.) 

In seedling-infected plants Bacterium flaccumfaciens has never been 
found in the region of the pith and only occasionally in the cortical 
cells In plants inoculated artificially with a needle the pathogene 
was observed in the intercellular spaces of the pith (fig 3, A), where 
it developed extremely slowly. The organisms were found only in the 
intercellular spaces at the angles of the cells These intercellular 
spaces were not enlarged, nor was the middle lamella dissolved, as 
was frequently the case in plants attacked by Bact. phaseoli and Bact. 
medicaginis var. phaseohcola In the parenchyma the organism is 

< The culture of Bacterium flaccumfaciens used m these investigations was furnished hy Florence Hedges 

11812a~B2 2 
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into the seed coats, where often, because of the large intercellular 
spaces, migration may be rapid Entrance through the micropyle 
enables the bacteria to traverse the region in close proxiinity to the 
growing tip of the hypocotyl or the epicotyl. Penetration of the 



FiGtRE 10 — Intracellular and mtereellular invasion of the parenchyma tissues bv Bactenmn 
medicaginis var phaseoltcola m the region of the cotyledonary node X 750 A, Intracellular 
penetration of a pith cell 3, D, E, and F, Intercellular penetration of pith cells In some eases 
the bacteria together with the ^ime in v hich thej^ are embedded have produced an enlargement 
of the intercellular space, C and G, Intercellular penetration of cortical cells 


pathogene into either the hypocotyl or the epicotyl has never been 
observed, but it is presumed that as growth takes place the bacteria 
may enter them or affect them through toxins or enzymes in such a 
way as to cause imperfect development or death. It is not uncom- 



Apr 35, 1032 Gom'parative Hutology qf Bactenal Diseases of Bean 623 


ordinarily found in tlio vicinity of invaded xylem cells, where it has 
either dissolved or broken the cell wall (Fig 12 ) In its upward 
migration Bad Jlaccumfaciens may invade the young growing bud 
and cause its death. It may likewise enter one or both of the petioles 
through the leaf pulvmus, filling the xylem cells (fig 13), and in case 



Figure 12 —Cross section of stem showing Bacterium flacciimfaciens in the xylem vessels As a 
lesult of cell- wall dissolution, the hactena m the lowermost cell have been released, producing a 
lysigenous cavity The adjoining cell above has become separated fiom the other vascular cells 
by a dissolution of the middle lamella Eetouched photomicrograph X 800 


of severe infection, cause a drooping of the leaf This condition may 
continue for a number of days, after which the leaflet remains flaccid 
and finally dies. Many stained sections have shown severe invasion 
of the pulvinus, and in numerous instances bacteria have caused a 
breakdown of the xylem ceUs, Bacterial migration then progresses 
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them even though they were open. Entry was gained only through an 
injury to the stem or leaf If the inoculating needle only penetrated 
the colls of the cortex, the bacteria would make little progress and 
generally the plant would outgrow this infection if proper conditions 
were afforded for good growth. If, on the other hand, the organism 
was injected into the vessels of the young stem, the bacteria would 
multiply rapidly and under proper conditions would cause a wilting 
of the young plant 

Most rapid progress of the organism was made when young pods 
wore inoculated along the dorsal suture. Seldom would the organism 
produce any decided external symptom, but on opening the pod it 
would be found that most of the seeds were severely invaded by the 
organism, in some cases to such an extent that they failed to mature. 



FkiUre 14 —Ciosb section of u stem showing Bactentim flaccumfaciens massed on the exterior oxer an 
open stomata Penetration through the stomata by this oi ganism has never been obsei ved X 800 


CELL-WALL DISINTEGRATION THROUGH BACTERIAL ACTION 

Cell-wall disintegration by phytopathogenic bacteria has been given 
little investigation in the past, although considerable evidence has 
been published on the dissolution of the middle lamella As early as 
1879 Van Tieghem {14) studied the decomposition of various vege- 
table tissues, considering this action as due to a species of Bacillus to 
wliich he gave the name Bacillus amylohacter. He found that only 
the young tissues were decomposed, while the older ones, which were 
ligmfied, cuticulanzed, or suberized, were resistant to the action. 

Kramer (9) isolated from decaymg potatoes an aerobic sporiferous 
bacillus which was capable of dissolving the intercellular substances 
and attacking the cellulose membrane 

Bacteria of a saprophytic nature associated with the rotting of pota- 
toes were studied by Wehmer (15), who found two types of decompo- 
sition, one in wliich the middle lamella only was dissolved and the 
other in which there was an ultimate dissolution of the entire wall. 
He presumes that an acid rather than an enzyme produced by the 
bacteria may be the agent in the solution of pectic compounds. 
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into the xylem cells of either one or both petioles, thence into the 
leaf veins and veinlets 

Bacte7nwn jlaccumfaciens may cause small water-soaked spots on 
the young primary leaves, but these lesions are not produced by the 
entry of the organism into the stomata but by being exuded from 
them One important difference between Bact jlaccumfaciens on the 
one hand and Bact phaseoh and Bact medicagims var phaseohcola 
on the other is that the former does not invade the stomata, whereas 



Figure 13 —Bactennm flaccumfaciens invading the cells cf the pulvmus of the bean petiole 
The dark-stained masses of bacteria are seen in a number of the xylem cells Most of the 
invasion m this region is vascular X 165 


the latter two do and pass rapidly through the intercellular spaces of 
the cells surrounding the substomatal cavities. Bact, jlaccumfaciens 
when sprayed on plants and placed m a moist chamber of saturated 
humidity for 24 hours did not enter the stomata of the inoculated 
leaves or stems (fig. 14), while Bact. phaseoli and Bact. medicaginis 
var pfiaseolicola entered these openings under similar conditions His- 
tological sections of material inoculated with Bact. jlaccumfaciens 
showed the bacteria massed over the stomata, but they never entered 
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When the organisms are found in large numbers invading any par- 
ticular tissue, they are always embedded in a slimy matrix with high 
absorptive ([ualities. With the absorption of liquids from the sur- 
i-oimding cells, a pressure may be produced sufficient to cause the cells 
to become obviously ruptured Destruction of wall material by this 
means often occurs, but it does not appear to be the only explanation, 
since many sections of stained material have shown a partial to an 
almost complete dissolution of the walls, accompanied by only a 
moderate number of bacteria Most likely a combination of both of 
these factors often occurs 

WALL DISINTEGRATION IN PARENCHYMATOUS TISSUE 

The dissolution or disappearance of wall material in cells of the 
liarenchyma, either of the pith or of the cortex, was noted with all three 
organisms, but more particularly with Bacterium phaseoli and Bact, 
medicaginis var ^ phaseolicola than with Bact flaccumfaciens Large 
IjT-sigenous cavities were often seen in the region of the cotyledonary 
node (fig 9, A), where the bacteria invaded the stem from the cotyle- 
dons, and also in the epicotyl (fig, 4) in the region of the growing tip. 
Here large bacterial cavities were observed with the cell walls com- 
pletely broken down. The disappearance of the walls could not be 
entirely accounted for by a crushing of the cells by mass action of the 
bacteria embedded in a slime, since, if this were the only cause, the 
remnants of the broken cell walls coiild have been seen throughout the 
bacterial cavity. A solvent action by a substance produced by the 
bacteria was probably more responsible for the formation of these 
cavities Only occasionally could cell-wall fragments be found. 
Often, if the invasion was in the cortical tissues, the bacteria would 
break out from the epidermis (fig 4), forming a bacterial ooze. It is 
believed, however, that this exudation was due to internal pressure 
rather than to dissolution, since the outer walls of the epidermis are 
composed of suberin and cutin, substances that are possibly resistant 
to bacterial action 

The parenchyma which surrounds invaded xylem cells likewise dis- 
appears if the bacteria in the xylem are released. (Fig 12 ) Innu- 
merable instances of this have been observed with the three orgaiusms. 
Bacterium flaccumfaciens seems to produce a smaller bacterial cavity 
than the other two and is limited to the region siirroimdmg the invaded 
xylem. (Fig 12 ) 

As previously reported {17), Bacterium phaseoli when in the paren- 
chyma tissues first invades the mtercellular spaces and, with the pos- 
sible production of a pectin-dissolving enzyme, attacks the pectic 
compounds that cement the cells together With the increase in the 
number of bacteria the intercellular spaces are greatly enlarged, often 
causing a distortion of the adjacent cells (Fig 1 ) It is supposed 
that the hemicelluloses that make up the layer of the cell wall adjacent 
to the pectin materials may later be dissolved through enzymatic 
activity, after which the cellulose is finally attacked It appears that 
after the organism penetrates the cell wall, dissolution of its component 
materials goes on at a more rapid rate 

WALL DISINTEGRATION IN VASCULAR TISSUE 

A more detailed study of cell-wall destruction was made on xylem 
tissue because various gradations from a partial (fig 2, A, B) to an 
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Jones {8), working with. Bacillus carotovorus, the cause of the slimy 
soft rot of vegetables, showed that the organism produces an enzyme, 
pectinase, which causes the dissolution of the middle lamella of the 
parenchyma cells, but in no case did he find evidence of such action 
upon ligmfied or cuticularized walls 

Smith {13) states, regarding Pseudomonas campestns E F. Smith, 
that the cell walls or invaded cells become vague in outline and 
finally disappear Drechsler (5), working with the same organism, 
observed the formation of bacterial cavities, and illustrates the appar- 
ent disintegration of cell walls of both parenchyma and xylem cells 
Skoric (12), working with Bacterium pisi Sack , likewise found evi- 
dences of wall disintegration and possible dissolution He suggests 
that the bacteria, together with the slime in which they are embedded, 
rupture many of the invaded cells, although some of the large 
cavities found in the parenchyma of the cortex and pith can not be 
entirely explained by rupturing and crushing of the tissue He be- 
lieves that parts of the cavity at least appear to result from solvent 
action of the organism 

Nixon (11) m his studies on the migration of Bacillus amylovorus 
Burr, remarks that the organism has the power to dissolve the cell 
wall His evidence with stained microscopic preparations proved that 
openings in the cell wall were formed by a dissolution of the wall by 
the organism 

In histological studies of fire blight of apple. Miller {10) observed 
Bacillus amylovorus nngrating from one cell to another through open- 
ings which appear to have been formed by a dissolution of the wall 
substances. He ascribes this phenomenon in some cases to an inter- 
nal pressure due to mass action and in others to a dissolving action 
on the cell walls. He suggests the possibility of an enzyme of the 
nature of cellulase being secreted in small amounts 

In a previous paper {17) the writer reported the disappearance of 
all or a part of the cell wall when invaded by Bacterium phaseoli It 
was believed that the cellulose walls disappear, leaving only the ligm- 
fied structures Since then these studies have been continued not 
only with Bact phaseoli, but also with Bact medicagiim var phaseoh’- 
cola and Bact flaccumfaciens Throughout the course of the study 
more instances of the disappearance of cell-wall material have been 
noted with Bact phaseoh and Bact medicaginis var phaseolicola than 
with Bact jlaccumfaciens Particularly is this true in the case of the 
parenchyma tissues, where Bact jlaccumfaciens was found only in 
close proximity to broken invaded xylem vessels. In the following 
discussion the orgamsms will not be considered separately, since disso- 
lution w^as noted with all three parasites 

Many different stages of cell-wall disintegration were observed 
throughout the study The fact that only bean seedlings were used 
in the investigation may accoimt for the observance of much of this 
wall disappearance, since little secondary wall formation was m evi- 
dence at the time the preparations were made In this condition the 
cells consist mostly of celluloses and hemiceUuloses, which are more 
readily dissolved through chemical action than is lignin, which makes 
up much of the secondary wall structure. The disappearance of the 
cell walls was noted not alone in parenchyma tissues of the pith and 
cortex, but also in the xylem vessels, where infection was severe. 
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migration might be attributed to this, it is believed that disappearance 
of the cell wall resulted either through physical mass action of the bacte- 
ria or by a dissolution of the walls If only advanced stages in the dis- 
appearance of the walls were noted (fig 11, B, C, fig* 15) in which only 
the ‘^peglike' ^ edges of the walls of the invaded cells remained, the sup- 
position of natural passage of the organism from cell to cell through 
normally broken connecting walls might have explained all bacterial 
migration Since, however, various stages in the disappearance of the 
wall were seen (fig 2, A, B, fig 16), it must be assumed that more 
than one explanation is necessary to account for the passage of the 
organism from one cell to another (fig 15) within the vascular bundle 
or into the surrounding parenchyma tissue. (Fig 12 ) 

That wall dissolution by bacteria proceeds at different rates in 
different invaded cells is evident from the fact that where two con- 
tiguous cells are affected the rate of action on one dividing wall may 
be faster than that on the other (Fig 2, B ) Stained sections of 
material infected with Bacterium phaseohj in which two adjacent cells 
were equally invaded, have shown this to be the case in both imtial 
and advanced stages of wall destruction In an early stage a slight 
corrosion of one of the dividing walls was seen, while the opposite wall 
appeared to be less dissolved. Sumlarly, in a more advanced stage 
one wall appeared to be almost entirely dissolved while that of the 
adjacent cell remained intact (Fig 2, A ) 

Microscopic evidence indicates that dissolution begins on the inner 
dividing walls of invaded xylem cells and rarely if ever on the outer 
walls (Fig 16 ) The lamellae of the outer cell walls, as well as 
the walls themselves, even though the cells are invaded by^ bacteria, 
stain deeply; whereas the dividmg walls of these cells stain weakly 
and the middle lamellae are barely visible The materials composing 
the cell walls may be altered by the bacteria in such a way as to 
change their staining reaction Weakly stained walls appear to indi- 
cate the beginmng of dissolution, while those deeply stamed furnish 
evidence of no apparent action. 

Later the walls separating the two cells are reduced in thickness, 
especially at the center, while at the outer corners they appear 
normal. Very early stages of such a condition have been observed 
where the only noticeable evidence was a slight dissolution of the 
wall. (Fig 2,' B ) Finally the organism or the dissolving principle 
may produce a small opening in either or both of the walls that 
divide the invaded cells (Fig 16 ) The organism may then dis- 
solve the pectic materials composing the middle lamella. Lamella- 
tion of these walls occurs next, giving them the appearance of being 
shredded (Fig. 16 ) With the passage of the organism from cell to 
cell and further dissolution, the ends of the disintegrated wall becoine 
rounded (fig 11, B, C, fig. 15), which suggests that the process is 
one of dissolution and not a cell rupture due to an mternal pressure 
set up by the bacteria and the slime m which they are embedded. 
If the latter were solely the cause, the ends of the wall would be 
ragged and not smooth as they usually are. 

In instances of severe invasion of most or all of the cells of a vas- 
cular bundle the walls of entire cells appeared to have been dissolved. 
(Fig. 9, A, B.) Many similar observations were made in micro- 
scopic sections of the epicotyl Apparently not all of this dissolu- 
tion began from the inside of the cells, but after the organism had 
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almost complete disappearance of the cell wall was noted. (Fig, 11, 
B, 0; fig 15 ) Jones (7) found in working with Aplanolacter insidi- 
osum McC that there exists an open communication between vessels 
in the alfalfa root through which bacteria may pass without actually 



Figure 15 —Vascular invasion by Badenum flaccumfactens Tbe bacteria are seen m most of the 
xylem cells of the vascular bundle and m two instances are passing from cell to cell through broken 
cell walls. Retouched photomicrograph X 960 

penetrating cell walls He states that the bacteria are distributed 
around the circumference of the roots to some degree if not entirely 
through these open vascular connections 
Such openings have been seen in stained sections of the bean stem, 
although they were not commonly found. While some bacterial 
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The bacteria that collect in large masses around xyleni cells may, 
by a dissolution of the middle lamellae, cause these cells to become 
separated from one another Such a case is shown m Figure 12. 
Hero the bactoiia have entirely dissolved the walls of the lowest 
cell of the vascular bundle, resulting m the formation of a cavity of 
considerable size in the parenchyma tissue As a result of the 
dissolution of the middle lamella the next cell above finally became 
separated from its adjacent cell Many cases have been noted where 
cells were unattached in lysigenous cavities. The walls of such 
cells usually stain weakly m comparison with those that are normal 
or only slightly invaded Usually they are thinner, which suggests 
that they are partially dissolved. 

SUMMARY 

From the standpoint of symptomatology it appears possible to 
differentiate the three diseases caused by Bacterium phaseoh, Bact 
inedicagims var phaseohcola^ and Bact jiaccumfaciens Histologi- 
cally, the first two diseases can be readily distinguished from Bact 
jlaccmnfacienSj but since Bact phaesoh attacks the host tissues in a 
similar manner to Bact med%cag%n%s var phaseohcola, it is often diffi- 
cult to determine the exact organism except through cultural methods 

Because of the fact that it is Gram-positive, Bacter%um jiaccum- 
faciens can readily be differentiated in the host tissues from Bact, 
phaseoh and Bact ^neduagmis var phaseolicola^ both of which are 
Gram-negative. Furthermore, Bact, jiaccumfaciens is primarily a 
vascular parasite invading only the xylem vessels, whereas Bact, 
phaseoh and Bact medicagmis var phaseolicola, even though they 
are found in the xylem cells very frequently, appear to show a prefer- 
ence for the parenchyma tissues Migration of Bact jiaccumfaciens 
into the intercellular spaces of the parenchyma is very slow. It is 
usually limited to those cells in close proximity to invaded xylem 
cells that may have been ruptured by an internal bacterial pressure 
or by cell-wall dissolution 

Another important difference between Bacterium jiaccumfaciens 
and the other two parasites is that the former does not invade the 
stomata (fig. 14), whereas the latter do, and pass rapidly through 
the intercellular spaces of the cells surrounding the substomatal 
cavities Bact flaccumfacuns makes the most rapid progress when 
the pods are inoculated along the domal suture. 

The migration of Bacterium phaseoh and Bact medwaginis var. 
phaseolicola in the plant tissues is very similar. Both organisms 
penetrate the seed and enter the stem m the same manner They 
attack the parenchyma and vascular tissues similarly, possibly havmg 
a slight preference for the parenchyma cells They migrate through 
the intercellular spaces of the parenchyma, dissolving the middle 
lamella slightly m advance, with a subsequent collapse of the invaded 
cells The xylem cells are attacked by both organisms, but the 
bacteria are not restricted to them. These organisms when in large 
numbers may rupture or dissolve the cell walls and pass into the 
adjacent parenchyma tissues of the pith or cortex, wliere they multi- 
ply rapidly when conditions are suitable for their development. 
Both orgamsms may pass throughout the cortical tissues of the 
stem, emerge from the stomata, and enter other stomata when 
conditions are suitable for their dissemination. 
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been liberated from the invaded cells, either by dissolution or by a 
rupture of the walls, a lysigenoiis cavity was produced around the 
vascular bundles, resulting in a breakdown of the surrounding 
parenchyma tissue (Fig 12 ) 



Figure i6 — Diiiintegration of the bean cell wall by action of Bacterium flaccumfaciens The 
organism is noted passmg from cell to cell, the cross walls of which appear to have been attacked 
by It X 1,500 


The protoxylein cells, which apparently are composed of more 
soluble material than the cells of the meta or secondary xylem, 
appear to show the greatest amount of dissolution. (Fig. 11, B, C; 
fig. 15 ) Their walls are often almost indistinguishable, and in some 
cas^§ entirely so. 


A STUDY OF SAMPLING TECHNIC WITH SUGAR BEETS ' 


By F R Immer 2 

Associate Geneticist^ Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In plot experiments with sugar beets (Beta vulgaris L.) it is cus- 
tomary to 'weigh all the beets from the plot in order to determine 
the yield Sometimes the border rows are removed to eliminate 
border effect, in other instances border effect is ignored. Except in 
very small plots, it is not practical to analyze all the beets in order 
to determine the percentage of sugar It is imperative, therefore, 
to resort to sampling methods in selecting the beets for sugar determi- 
nations The percentage of sugar obtained from the sample is 
considered an estimate of the average sugar percentage of all the 
beets in the plot 

Johnson ^ studied the variation in sugar percentage from samples 
of beets taken from different plots He concluded that 10 beets do not 
give a valid estimate of the actual sugar percentage in a plot and 
that a sample of 50 beets would not be too large. 

Pack ^ studied the correlation of weight wuth sugar percentage of 
individual sugar beets and found the correlation to be negative He 
also reviewed other work on this subject and noted that negative 
correlations were found in the maiority of cases 

Clapham® and Wishart and Clapham,® using the “analysis of 
variance” method in studying sampling technic with small grains and 
potatoes, respectively, concluded that this method could be used 
satisfactorily on the larger plots if the samples were taken in such a 
manner that the data would lend themselves to adequate statistical 
analysis. 

The writer has applied the analysis of variance method to studies 
of sampling technic in relation to the estimation of sugar percentage 
m sugar beets, and the results are presented herein 

MATERIALS AND METHODS 

A small field of sugar beets of the Pioneer variety at the southeast 
experiment station, Waseca, Mmn , was chosen for the experiment 
The field had been cropped in a uniform manner in previous years, 
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The three organisms show veiy little variation in their ability to 
dissolve the cell walls When in mass they are embedded in a slimy 
matrix which has a high absorptive power that enables it to rupture 
the cell walls mechanically The ability to cause disappearance oi 
the cell wall, presumably through dissolution by some enzyme, is 
common to the three species 
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EXPERIMENTAL RESULTS 

REGRESSION OF SUGAR PERCENTAGE ON WEIGHT 

It IS of interest (1) to investigate the regression of sugar percentage 
on weight, (2) to find whether or not this regression is linear, and (3) 
if it is not linear, to determine the exact relationship This may be 
done from an analysis of variance of sugar percentage and of weight 
and an analysis of covariance of weight and sugar percentage. Table 
1 gives the analysis of variance of sugar percentage. 


Table 1 — xinalysts of variance of sugar percentage 


Variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 
square ® 

Standard 
de^ lation 

2 h 

Bet'ween plots 

Within plots 

99 

900 

384 3977 
1, 923 6990 

3 8828 

2 1374 

1 9705 

1 4620 

} 0 2985 

Total 

999 

2,308 0967 

2 3104 

1 5200 









, Sum of sauares 

» Mean square or yanance (S D »)= Degree of frieTom ' 

2 = one-half the difference between the natural logarithms of the two variances, or the difference between 
the natural logarithms of the standard errors (standard deviations) 


Since there were 1,000 beets analyzed, the total number of degrees 
of freedom is 1,000 — 1, or 999 The 100 plots contribute 99 degrees 
of freedom The remainder, 999 — 99, or 900, is the number of 
degrees of freedom due to variation within plots. This value might 
be determined m another way Since there are 10 beets in each plot, 
there would be 9 degrees of freedom within each plot. One hundred 
such plots would give the 900 degrees of freedom alloted to variation 
within plots 

The total sum of squares is found by squarmg the sugar percentages 
of each of the 1,000 beets and subtracting the product of the general 
sum multiplied by the general mean. The sum of squares due to 
variation between plots may be found most easily, when a calculating 
machine is available, by squaring the sums of the sugar percentages 
for each plot, dividing by the number of elements contributing to each 
sum (10 in this case), and subtracting the product of the general sum 
multiplied by the general mean used above The sum of squares due 
to variation within plots is obtained by subtracting the sum of squares 
due to variation between plots from that of the total The analysis 
is then on a smgle-beet basis All analyses of vanance given in this 
paper will be on that basis unless otherwise stated 

The significance of the difference between the variance between 
plots and the variance wuthin plots is found by Fisher^s z test z is 
one-half the difference between the natural logarithms of the two 
variances (or the ifference between the natural logarithms of the 
standard errors). Fisher ® has provided tables showing the values of 
z that would be attained by chance for two different levels of signifi- 
cance, the 5 per cent and the 1 per cent points. If the 5 per cent 
point of z is exceeded, it is imderstood that a difference as great as 
that between the two observed variances would occur by chance 
between two samples from homogeneous material less than once in 20 


8 Fishee, R a statistical methods foe eese^ech WORKERS. Ed 3, rev End enl , 283 p , lUus, 
Edmburgti and London 1930 
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and cultural conditions during the glowing season were similar 
throughout the field The beets were grown in rows 22 inches apart 
and spaced 12 inches apart within the row The study, therefore, 
IS based on a uniformity trial. 

At harvest time the field was diAuded into plots 33 feet long, and 
alleyways 2 feet wide were cut at right angles to the rows m order 
to separate the plots and to prevent beets from one plot from being 
mixed with those from neighboring plots All beets adjacent to 
noticeable skips were removed before harvest, leaving only those 
plants to be harvested that had normal competition on each side 
Ten such rows were chosen for sampling, each 10 plots in length (33 
feet), separated from one another by 3 intervening rows The 
area might therefore be considered a lO-by-lO-plot field, each plot 
consisting of 4 rows, only 1 of which was sampled Ten beets were 
selected from each plot m such a way that the entire length of the 
row was sampled uniformly. The beets from each plot were lifted 
by hand, numbered, and put into a properly labeled waterproof bag 
The bags were taken to the laboratory and the beets scrubbed clean 
of dirt Each beet was then weighed and the percentage of sugar 
obtained In analyzing for sugar each beet was bored at an angle 
through the center. The sugar percentage in the pulp was determined 
by the cold-water digestion method. The harvesting period was 
completed in two days and the sugar analyses in three 

The statistical technic employed in this study is known as the 
analysis of variance This method was devised by Fisher and first 
published m complete form in 1923.^ It has been applied to numer- 
ous statistical problems and has proved to be the most flexible and 
efiicient method yet devised for agronomic problems that are to be 
subjected to statistical inquiry The method will be explained in 
‘ some detail in connection with the analysis of results given herein 

The principle of the analysis of variance method is that the total 
variation between the individual results in a set of data can be sepa- 
rated into a number of parts. If the variation is measured m terms 
of sums of squares of the deviations of obseived values from then 
mean, it is possible to apportion fractions of the total sum of squares 
to various known causes, leaving a residual fraction attributable to 
uncontrolled factors. The mean value of the sum of squares ascribed 
to any factor (the variance, or standard deviation squared) is 
obtained by dividing the sum of squares by the appropriate number 
of degrees of freedom, where the term ^ degrees of freedom is used in 
the sense of ^^'independel^t comparisons Thus, with n' quantities, 
whose mean is fixed, there will be in general n' — I, or n. degrees of 
freedom 

Since tests of significance used in the analysis of variance are made 
on the variance (standard deviation squared) or on the standard error 
(standard deviation), the standard error instead of the probable 
error will be used in interpreting the results The standard error is 
the common measure of variation used, by European statisticians, and 
with the increased use of the analysis of variance it will probably 
become more common in North America. 


^ Fisher, E A , and, Mackenzie, W A studies in crop variation ii the manuriai responses 
OF DIFFERENT POTATO VARIETIES Joui, Agp Sci [England] 13 [3111-320 1923, 
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The regression of sugar percentage on weight is given by the coeffi- 
cient of w in the formula 


Z=^'^-i-b(w-w)j 

where Z is tl^ estimated sugar percentage, s, the mean sugar per- 
centage , (w—w), the deviation of a given weight from the mean weight; 
and b, the regression coefficient calculated from 

S{zw— zw) 

S{w—wY 

The calculated regression coefficient for variation within plots would 
then be given by 

-212.4120 

360 4020 ’ ® 589375, 

and the regression equation by 

14.0573-0.589375 {w-w) 

Since the mean weight {w) was 1 7738 poimds, the regression equation 
can be expressed more conveniently by Z=15 1027 — 0 589375 Wj 
where w is any observed weight, the mean sugar percentage being 
14,0573 per cent This would then express the sugar percentage 
predicted on the basis of its relationship to weight. As weight in- 
creased by 1 pound, the predicted sugar percentage decreased b^y 0 59 
per cent The correlation between weight and sugar percentage, 
within plots, was — 0.2551 This correlation coefficient is shown to 
be imdoubtedly significant when a test of significance is applied, 
therefore the regression coefficient must be significant also The 
significance of the latter will be deternuned later in another way 
In order to determine whether the regression of sugar percentage 
on yield was essentially linear or whether the quadratic regression 
woiild describe more accurately the exact relationship, the term w^ 
was introduced, i e , each weight was squared and the results were 
considered a third variable By calculating the variance of w!^ and 
the covariance of with w and 2, using the analysis-of-variance 
method previously illustrated, the values given in Table 4 were 
obtained. 

Table 4. — Numerical values of sums of squares or of 'products 


Sum of squares or of 
* products 

Within plots 

Between 

plots 

Sum of squares or of 
products 

Withm plots 

Between 

plots 

. _ _ 

1923 6990 
360 4020 
-212 4120 

384. 3977 
55 4516 
-49 2867 

jS(to2— -1^)2 

6819 7071 
1406 8448 
-890 8212 

861. 3657 
210 5334 
-186 0060 

S(to—w)2 1 

8(zto— 2 W) 

Siw^w—w^w) 

5f(Zto2— 210?) 


118129—32 3 
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times The 5 per cent point is taken as a convenient minimum level 
of significance Since the value of z is not given for ni==99 and 
712 = 900, it must be calculated ® The 5 per cent point is found to be 
at 0 1165 and the 1 per cent point at 0 1636 The observed value of 
z exceeds the 1 per cent point This would indicate that there was a 
significantly greater variation between plots than within plots Soil 
heterogeneity, therefore, was a significant factor in affecting the sugar 
percentage in different plots 

The analysis of variance of weight is given in Table 2 The varia- 
tion in weight between plots is undoubtedly greater than the variation 
within plots, since the observed value of z exceeds the 1 per cent point. 


Table 2 — Analysis of variance of weight 


Vai lation 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

Standard 

deviation 

z 

Between plots 

99 

55 4516 

0 5601 

0 7484 

} 0 1679 

Within plots - 

900 

360 4020 

4004 

6328 


Total 

999 

415 8536 

4163 ! 

6452 





The covariance of sugar percentage and weight is given in Table 3. 
The covariance is foimd by multiplying the sugar percentage by the 
weight, summing, and subtractmg the general sum of one variable 
multiplied by the general mean of the other 


Table 3 — Analysis of covariance of weight and sugar percentage 


Vai lation 

Degrees of 
freedom 

Sum of 
products 

! 

Mean 

product 

Between plots - - 

99 

900 

-49 2867 
-212 4120 

-0 4978 
- 2360 

Withm plots 

Total 

999 

-261 6987 

- 2620 



The regression of sugar percentage on weight may now be cal- 
culated and the significance and Imearity of such regression deter- 
mined The regression of sugar percentage on weight within plots 
should yield the most exact determmation available from the data. 
By dealing with variations within plots of one row 2 rods long, the 
regression will be unaffected by soil heterogeneity for both weight 
and sugar percentage between plots The regression coefficient 
calculated from observations taken over a large area might easily be 
affected greatly by differential soil heterogeneity A positive rela- 
tionsMp might be found from data obtained from a large area and a 
negative relationship from data obtained from a small area. The 
studies of small areas would tend to give the more exact relationship, 
smee they would be influenced much less by soil variability. 

In order that the notation shall not be confusing^ the symbol w will 
be used to designate the weight of roots in pounds, w, the mean weight 
of roots, Z (Zucker), the estimated sugar percentage, s, an observed 
value of sugar percentage, and i, the mean sugar percentage 

» Fisher, S, A Op. cit , Tablo VI, 
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In testing the significance of the linear and quadratic regressions 
the value of s exceeded the 1 per cent point, and it may be concluded 
that the regressions are undoubtedly significant In testing the in- 
creased accuracy of the quadratic over the linear regression the ob- 
served value of 0 (0 8788) exceeded the 5 per cent point but not the 
1 per cent. About 92 per cent of the quadratic regression could be 
represented by the linear equation. It may be concluded, therefore, 
that the quadratic regression probably was a better measure of the 
regression of sugar percentage on weight than the linear equation 
The regression was not entirely linear 

Given the variances for sugar percentage and weight between plots 
and the regression of sugar percentage on weight within plots, it is 
possible to determine whether sugar percentage varied significantly 
from plot to plot, even when the effect of weight on sugar percentage 
was held constant, on the basis of the regression relationship If the 
variation m sugar percentage is significant after being so corrected 
it may be concluded that soil heterogeneity was such as to affect sugar 
percentage significantly apart from the indirect effect on sugar per- 
centage caused by soil variability affecting weight Such a study 
would shed light on the question of whether soil heterogeneity 
affected weight and sugar percentage independently 

VARIABILITY IN SUGAR PERCENTAGE BETWEEN PLOTS AFTER CORRECTION FOR 

REGRESSION ON WEIGHT 

From the data already given, the variability in sugar percentage 
between the different plots, holding constant the effect of weight on 
sugar percentage (as expressed by the regression coefficient), may be 
determined Using the linear regression, the sum of squares due to 
variation in sugar percentage between plots, corrected for regression 
of sugar on weight within plots, may be calculated from 

S{{z'-'z) — h{w-'wY 

This formula may be expanded into 

S{ {z— zf — 2h{2w— zw) 

Substituting the necessary sums of squares or products and the regres- 
sion coefficient, 

384 3977-2 (-0 589375) (-49 2867) 4- (0.589375)^ (55 4516) = 

345 5628 

The analysis of variance is shown in Table 6 

Table 6 — Analysis of variance in sugar 'percentage between plots after correcting 
for linear regression of sugar percentage on weight within plots 


Variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

z 

Bet’we^n plots fni* wAi gilt , 

99 

345 5628 

1 

3 4905 1 

} 0 2783 

Deviation from linoar r . - 

899 

1,798 5087 

2 0006 1 

i 



The variance of sugar percentage between plots has been reduced 
only 10 per cent by correcting for the regression of sugar percentage 
on weight, i. e , the variance after correction is about 90 per cent of 
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The quadratic regression that will satisfy the equation 
+ b{w—w) + ciw^ — w^) 

may be found by substituting m the following simultaneous eciua- 
tions, and solving 

+ cS — w^u)) = S izw — zw) 

hS{w^w— w^w) cS{w^ — = 8{zw^ — 2w^) 

Substituting the appropriate values for the sums of squares or 
products within plots in these formulae and solving, 6 = 0 133687 and 
c = — 0 185364 The quadratic regression equation would then be 

2=14 0573 + 0.133687 (-iy -15) -0 185364 {w^-uF) 

or, expressed more suitably for calculation, 

2=14 4805 + 0.133687 w-0 185364 

since 5;== 1 7738 and 1? = 3 5622. 

The significance of the regression coefficient may be tested by 
apportioning the total sum of squares within plots to the part due to 
linear regression and to the part due to deviation from regression 
The part due to linear regression will be given by 

bS(zw—zv)) 

The part due to quadratic regression will be given by 
bS {zw — zw) + cSizuf — . 

The analysis of variance is shown m Table 5. 

Table 5 — Tests of significance of linear and quadratic regression and of increased 
accuracy of quadratic over linear regression 

LINEAR REGRESSION 


Variation due to— 

Degrees of 
freedom 

Sum of squares 

Mean square 

i 

Z 

Linear regression 

1 

899 


125 1903 
1,798 5087 

! 

125 1903 

2 0006 


} 2 0682 

Deviation from linear regression 

Total w ithin plots 




900 

1, 923 6990 

2 3104 



1 


QUADRATIC REGRESSION 

Quadratic regression 

2 

898 


136 7295 
1, 786 9696 


68 3648 

1 9899 


} 1 7684 

Deviation from quadratic regression 

Total within plots 




900 

1,923 6990 

2 3104 





QUADRATIC AND LINEAR REGRESSION COMPARED 

Quadratic regression 

2 ^ 

i 


136 7295 


68 3648 


} 0 8788 

Linear regression 

1 

1 

125 1903 
11 6392 

125 1903 
11 5392 

Quadratic minus linear regression 

Deviation from quadratic regression 

Total within plots 

898 

1, 786 9695 

1 9899 

900 


1,923 6990 


2 3104 








10 EisHER, R A. Op. cit CSee footnote 8 ) 
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will be presented later m summary form The data from plots 2 
rods long will be given first It must be remembered that the sam- 
pling was confined to only one row in each 4-row plot The analyses 
of variance are all on a single-beet or 0 1-plot basis. 

The study was made on 10 beets taken from each of 100 plots 2 
rods long. Since five varieties are to be tested, there will be 20 replica- 
tion series or blocks. The latter term will be used The analysis of 
variance for plots 2, 4, 10, and 20 rods long is shown in Table 8. 


Table 8 — Analysis of variance in sugar percentage of beets in plots of various 

lengths 

PLOTS 2 RODS LONG 


Vanation 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

Standard 

deviation 

z 

Between blocks-.— - 

19 

160 3677 

7 9141 

2 8132 

} 0 6397 

Within blocks 

980 

2, 157 7290 

2 2018 

1 4838 

Total 

999 

i 2, 308 0967 

2 3104 

1 5200 


Between plots 

80 

234 0300 

2 9254 

1 7104 

} 0 1569 

Within plots « 

[ 900 

1,923 6990 

2 1374 

1 4620 


PLOTS 4 RODS LONG 



The total sum of squares may first be apportioned to that part due 
to vanation between blocks of five varieties each and to that part 
due to vanation within these blocks. The sum of squares within 
blocks may be subdivided into that part due to variation between 
plots within the blocks and that part due to variation between beets 
within individual plots. The observed z value (0 6397) for the 2-rod 
plots, since it exceeds the 1 per cent point, shows that the variance 
between blocks was significantly greater than the variance within 
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the variance between plots before correction The observed value of 
s exceeds the 1 per cent point, and it may be concluded that the varia- 
tion in sugar percentage between plots was quite significant even 
when the effect of weight was held constant Apparently, soil differ- 
ences in different plots were such as to affect significantly the sugar 
percentage apart from the indirect effect due to weight 

In like manner a test may be made holding constant the effect of 
weight on sugar percentage on the basis of the quadratic regression 
relationship. The sum of squares measuring the variability in sugar 
percentage between plots, holding constant the effect of sugar per- 
centage on weight withm plots, is then given by 

S{{z—z) — h{w—w) — c{w^~w^)Y 

Expanding this as before and substituting the appropriate values, a 
variance of 348 7712 is obtained Only 9 per cent of the variance 
between plots has now been removed by the quadratic regression. 
The analysis of variance is shown in Table 7 The observed value 
of z again exceeds the 1 per cent point, and we conclude that there 
was a significant variation in sugar percentage between plots, even 
when corrected for quadratic regression of sugar percentage on 
weight within plots There can be little question, therefore, that 
soil heterogeneity affected both weight and sugar percentage inde- 
pendently to an appreciable degree 

Table 7 — Analysis of variance in sugar percentage between plots after correcting 
for quadratic regression of sugar percentage on weight within plots 


Variation | 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

z 

Between plots, oorreeted for weight 

99 

348 7712 

3 5229 

} 0 2856 

Deviation from quadratic regression. 

898 

1786 9695 

1 9899 




SIZE OP SAMPLE IN RELATION TO DETERMINATION OF SUGAR PERCENTAGE 

The analysis of variance designed to determine variability between 
individual beets within a plot of given size and between the means of 
different plots can be made most advantageously by assuming a hypo- 
thetical experiment designed to test a given number of varieties "The 
total sum of squares can be apportioned to that part due to variation 
between blocks and that part due to variation within blocks When 
the arrangement of plots within each block, or replication series, is 
random, it will always be legitimate to eliminate the variability be- 
tween blocks from the total vanabihty in determmmg the part that 
may be ascribed to error The assumption of a given number of 
varieties to be tested and the elimination of variability between blocks 
containing these varieties seems, therefore, a vahd one The sum of 
squares due to variations within blocks can be divided further into 
that part due to variation between the plots within a block and that 
due to variation within plots. The study presented here was made 
on the assumption that 5 or 10 varieties or treatments were to be 
tested The results on the assumption of five varieties tested will be 
given first and in some detail. The results for 10 varieties tested 
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sample for a given number of replications and a given degree of 
accuracy can be calculated conveniently from 

m 

For example- To reduce the standard error of the mean to a given 
level when plots 2 rods long were used and five varieties tested 
(see Table 8), where m==2 1374 andp = 0 0788, 

2 1374 
jffiv- 0 0788 

To obtain a standard of 0.1 (vanance 0 01) with 10 replications, 

= (TOlToPo 0788 “ (approximately). 

It would require 100 beets per plot to obtam a standard error of 
0 1, using 10 replications. 

Table 9 — Number of beets pei plot, when five vartehes are tested, necessary tn an- 
alysis to reduce the standard error of mean sugar petceniage to 0 S, 0 B, and 0 1 
per cent, for various lengths of plots and numbers of replications 


Number of beets per plot of indicated length (rods) necessary to reduce stand- 
ard error of mean to— 


Number of replications 

0 3 per cent 

0 2 per cent 

0 1 per cent 

1 

4 

10 

20 

2 

4 

10 

20 

2 

4 

10 

20 

4 ! 

8 ' 

8 

7 

7 

26 1 

31 

17 

16 



138 

1 

92 

0 

5 

5 

4 

4 

13 

is 

11 

10 



62 

51 

8 

3 


3 

3 

9 

9 

8 

8 

1931 


40 

35 

10 

2 

3 1 

3 

3 

7 

7 

6 

8 

® 100 

“251 

30 

i 27 

20 

1 

1 

1 

1 

3 

3 

3 

3 

18 

20 

13 

12 


« Size of sample exceeded the number of beets expected in 2 rows of the plot, with a perfect stand 


In Table 9 is given the size of sample necessary to reduce the stand- 
ard error of the mean to 0.3, 0 2, and 0 1 per cent sugar with various 
numbers of replications. The number of beets required is given in 
whole numbers A standard error of the mean of 0.3 or 0 2 could be 
obtained easily, i e , with a relatively small number of sugar analyses, 
especially if the sugar analyses were made on bulk samples from the 
different plots A standard error of the mean of 0.1 could be ob- 
tained only by using much larger samples and longer plots, particu- 
larly for the smaller number of replications In fact, it would be 
impossible to obtain a standard error of the mean sugar percentage 
of 0 1 by using plots 2 or 4 rods long and replicatmg only 10 times 
or less For four and six rephcations and plots 2 or 4 rods long the 
variance due to inherent differences in the soil (expressed by p) was 
itself greater than the desired variance {KN-'p was negative), and a 
standard error of 0 1 could not be obtained regardless of size of sam- 
ple. An accuracy of 0 1 could be obtained only from large plots or 
from a large number of replications of the short plots. 
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blocks. The variance between plots within the blocks was signifi- 
cantly greater than the variance within plots, since the z value 
(0.1569) exceeds the 5 per cent but not the 1 per cent point. It is 
from the variance between plots that the error of the test must be 
calculated The variance within plots provides an estimate of the 
sampling error 

With the 4-rod plots the first value of z exceeds the 1 per cent |)oint 
and the second the 5 per cent Both may be judged significant. 
With the 10-rod plots the first value of z exceeds the 5 per cent point 
and the second does not With the 20-rod plots neither value of z 
exceeds the 5 per cent point, and it can not be concluded that the 
variances compared were really different 

The data from the 2-rod plots in Table 9, considered critically, 
reveal several interesting facts The first is that the variance be- 
tween plots within blocks is due, to a great extent, to the variation 
within plots, i e., the errors in samplmg The variance between 
plots (2 9254) is due to two components, namely, the samplmg 
variance (2 1374) and a residue (0 7880) due to soil heterogeneity 
between plots, that is, 73 1 per cent of the variance between plots 
is due to sampling errors The variation due to actual soil differ- 
ences between plots (variance 0 7880) can be reduced only by increased 
replication The samphng error (variance 2 1374) can be reduced 
ordy by increasing the size of sample The standard error between 
plots of any given magnitude can then be estimated, on this basis, 
for various numbers of replications and sizes of sample per plot 

A table may be constructed giving the size of sample necessary to 
reduce the standard error of the mean sugar percentage to 0 3, 0 2, 
and 0 1 per cent sugar when 4, 6, 8, 10, and 20 rephcations are used 
for plots 2, 4, 10, and 20 rods long. Since the samples were taken from 
1 row in each 4-row plot, such a table would give the size of sample 
needed when only 1 row was sampled. In practice the two central 
rows from each plot probably would be sampled. The variance within 
plots increased but slowly with increasing length of row It is to be 
expected, then, that the sampling variance would not have been in- 
creased greatly had the samples been taken from the two central rows 
of each plot instead of from a single row. A formula giving the 
size of sample needed to obtain a given standard error of the mean 
for a given number of replications may be devised as follows: 

Given: 

required variance of mean sugar percentage 
number of replications 
n = number of beets per plot 
m== variance between single beets within plots. 

2 ? = variance between plots due to soil differences, i e., variance 
between plots within blocks minus variance within plots, 
expressed on a plot basis. 

Then 



wiU give the number of rephcations and size of sample necessary to 
reduce the variance of the mean to any given level {K). The size of 
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The standard error of sugar per beet was approximated from the 
formula ^ 

^|2^V{w) + W^V(z) + 2 3W V{wz) 

where V{w) and V{z) aie the variances of weight and sugar percent- 
age, respectively, and V{wz) is the covariance 
In Table 11 is given the standard error in percentage of the mean 
for the variations m weight, sugar percentage, and total sugar per 
beet between plots in blocks of 10 varieties 

Table 11 — Standard error per beet of weighty sugar peicentagef and total sugar, 
expi essed in percentage of the mean 


Standard error (in percent- 
age of mean'i for — 


Length of plot in rods 

Weight 

Sugar 

percent- 

age 

Sugar 
per beet 

2 

41 3 

13 2 

37 4 

4 

41 1 

16 2 

36 9 

10 

5fa 5 

14 7 

48 3 

20 

61 6 

14 7 

54 4 



The individual roots varied tremendously in weight and much less in 
sugar percentage The variability in the product of weight times 
sugar percentage, or sugar per beet, was intermediate. With no 
correlation, the standard error of sugar per beet would be the square 
root of the sum of the variances of weight and sugar percentage 
weighted by the squares of the mean sugar percentage and mean 
weight, respectively A negative correlation would reduce this 
quantity, depending on its magnitude. 

VARIATION IN SUGAR PERCENTAGE DETERMINED PROM THE MEAN OF 10 INDI- 
VIDUAL ROOTS AND FROM BULK SAMPLES OP 10 

Besides the 10 individual sugar-beet analyses made from beets on 
each of the 100 plots, a bulk sample of 10 other beets (taken from the 
same rows) was also analyzed for sugar. The entire sample was 
ground, the juice expressed in a hydraulic press, and the sugar per- 
centage m the juice determined by Homers dry lead method. The 
bulk sample was taken over the entire length of the row in the same 
manner as the individuals A comparison was then made of the 
variances between plots based on the mean of 10 individual sugar 
analyses and on the bulk analysis of 10 beets made on the same plots 
The results, given in Table 12, are on a 10-beet basis. 


Table 12 — Variability of means of 10 beets per plot analyzed individually and 10 
beets analyzed as a composite sample 


1 

Variation between plots determined from— 

Degrees of 
freedom 

Mean square 

i Standard 
deviation 

z 

Means of 10 individuals 

99 

0 3883 

0 6231 

} 0 0604 

Bulk samples of 30 individuals I 

99 

2739 

5234 
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As replication was increased, the total number of beets needed for 
sugar analysis decreased With plots 4 rods long and with 4 replica- 
tions it would be necessary to analyze 124 beets to obtain a standard 
error of 0 2 per cent sugar If 20 replications had been used, only 
60 beets would have been required to obtain the same standard error. 

In Table 10 are given the results on the basis of 10 varieties tested. 
Since 10 varieties would require more land per block than 5 varieties, 
the amount of variance between blocks that can be removed would 
be less This would leave a greater variance within blocks on a 10- 
vanety basis. Greater variability within blocks would mean in- 
crease in size of samples needed to obtain the same accuracy as could 
be obtained were only five varieties tested. This was particularly 
true for the smaller number of replications, since the variance be- 
tween plots due to inherent soil differences, represented by was 
greater than for five varieties tested, and consequently played a 
more important r61e The variance represented by m was the same 
as in the 5-variety test 

Table 10 — Number of beets 'per plot, when 10 varieties are tested, necessary in 
analysis to reduce the standaid error of mean sugai percentage to 0.3, 0 3, and 
0 1 per cent, fo7 various lengths of plots and numbers of replications 



“ Size of sample exceeded the number of beets expected m 2 rows of the plot, "with a perfect stand 


MEAN AND STANDARD ERROR OF TOTAL SUGAR PER BEET 

The mean sugar per beet (expressed in pounds) may be obtained 
by multiplying the weight per beet by the sugar percentage and 
averaging the quantities obtained. It may be obtained also by direct 
calculation from the formula 


U) z + 


S jw—w) (g — 
n' 


— , 


where w and are the mean weight and sugar percentage, respec- 
tively, 

S{w--w) {z — z) 
n' 

is the covariance of weight and sugar percentage, and n' is the actual 
number of beets. Since the mean weight was 1.7738 pounds, the 
mean sugar percentage (expressed as a decimal fraction) was 0.140573, 
and the covariance was 0.002617, the mean total sugar per beet 
would be 0.2467 pound. 
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Soil heterogeneity between plots was found to affect sugar per- 
centages significantly even when the effect of weight was held constant 
by moans of the regression relationship 

Tables are given showing the number of beets per plot needed to 
reduce the standard error of the mean to 0 3, 0 2, and 0 1 per cent 
sugar for various sizes of plots and numbers of replications. 

Variability in sugar percentage between plots and within plots must 
be considered in estimating the size of sample required and the number 
of replications needed to reduce the standard error to a given level. 

The standard error of the mean of total sugar per beet was somewhat 
lower than the standard error for weight and much higher than that 
for sugar percentage 

Variability in sugar percentage between plots was essentially the 
same whether calculated from the mean of 10 beets analyzed individ- 
ually or from a composite sample of the same number 
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The observed value of 2 does not exceed the expected 5 per cent 
point value of 0 1628, and it may bo concluded that the two variances 
were not significantly different We may assume, there! ore, that the 
conclusions based on the variability of individual sugar deteiiuinations 
will be a valid estimate of the results to be expected from sugar 
determinations based on composite samples 

DISCUSSION 

The dual effect of soil heterogeneity was illustrated 111 ^ a striking 
manner by the demonstration that only a small portion of the varia- 
tion in sugar percentage betvreen plots within blocks was due to the 
same factors that affected both weight of roots and sugar percentage 
A given standard error for weight or sugar percentage can be obtained 
only from a consideration of number of replications and size of 
sample This must be determined almost independently for both 

The studies on size of sample revealed several interesting facts. 
Standard errors of 0 3 and 0 2 per cent sugar could be obtained fairly 
easily, while a standard error of 0 1 per cent could be secured only with 
much greater difficulty Increasing the replication reduced the total 
number of beets needed for sugar analysis This reduction was not 
uniform, however, as replication was increased The greatest 
reduction in total number of beets needed came when the replications 
were increased from four to six, and decreased more and more slowly 
with further replication. 

By knowing the cost of the field operations and the cost of the sugar 
analyses in the laboratory, it would be a simple matter to determine 
the size of plot and the number of replications that would give the 
required standard error at minimum cost In practice the best size 
of i)lot and number of replications would have to be determined from 
variability studies for yield as well as for sugar percentage. There- 
fore, the cost of the yield trials in relation to the accuracy of results 
obtained would need to be considered also 

It seems evident that in sampling studies variability both between 
plots and within plots must be considered This was shown by the fact 
that a standard error of the mean of 0 1 per cent in sugar could not be 
obtained from plots 2 or 4 rods long replicated six times or less. The 
error due to responses to soil differences between plots exceeded this 
value, making it impossible to obtain a standard error of 0 1 per cent 
in this study, regardless of size of sample 

In practice it would seem advisable to take at least two samples 
from each plot, even when composite samples are used, so that the 
analysis of results shall always give a measure of the sampling error 
The latter would serve as a constant check on the accuracy of the 
sampling method ^ Such samples would need to be taken so that each 
would sample uniformly the entire plot considered, but the two 
sampling units should be taken at random. 

SUMMAEY 

Sampling technic was studied in relation to the determination 
of sugar percentage in sugar beets. 

Kegression of sugar percentage on weight of roots was not entirely 
linear Ninety-two per cent of the quadratic regression could be 
explained in terms of the linear fimction. 



SIZE AND SHAPE OF PLOT IN RELATION TO FIELD 
EXPERIMENTS WITH SUGAR BEETS ^ 


By F. R Immer 2 

Associate (hneticistf Division of Sugar Plant Investigations ^ Bureau of Plant 
Industiy, United States Department of Agriculture 

INTRODUCTION 

The literature dealing with field experiments is very extensive. 
Studies to determine the most efficient size and shape of plot and the 
value of replication have been conducted with a great variety of 
crops and under widely diverse conditions The committee for the 
standardization of field experiments of the American Society of 
Agronomy has given a complete bibliography dealing with this 
subject ® 

Studies on size and shape of plot in relation to field experiments 
with sugar beets {Beta mlgar%s L ) are of special interest, since they 
must be concerned not only with yield but also with sugar percentage, 
total sugar per plot, and percentage of purity The optimum size 
and shape of plot for determining one of these characters is not neces- 
sarily the most efficient for the other characters All four must be 
considered and their relationship to one another determined. 

Pritchard ^ studied the value of check plots and repeated plantings 
m vaiiety trials with sugar beets and concluded that frequent checks 
could be used to advantage in calculating the evTor of the experi- 
ment. He also found that the error of the experiment was reduced 
with increased replication. The reduction was most pronounced as 
replication increased to 7; smaller gams were obtained for greater 
replications, 1 e , up to 10. 

The yields of relatively small plots, such as are used in agronomic 
experiments, will usually be determined by harvesting the entire plot. 
Except for very small plots it would not seem necessary to analyze 
all the beets in a plot for sugar percentage. Sampling methods 
must be resorted to, therefore, in selecting beets for sugar analysis. 
This introduces another error, the error m samphng. The writer has 
studied sampling technic with sugar beets in relation to the determin- 
ation of sugar percentage of the roots and has discussed the problem 
in some detail ® The present study was made from data obtained 
from the same field as was used for the study of sampling technic. 
The data on sugar percentage ® and apparent purity used in this 
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ing operations were completed in 2}^ days and the sugar percentage 
determinations m 3K days 

The '^analysis of variance’^' method devised by Fisher was used in 
analyzing the data ^ The principle of the method may be given very 
briefly ^ If the total variability of the observations on all the plots is 
given in suitable terms (sum of squares) it may legitimately be 
apportioned to various known causes, leaving a remaining portion 
ascnbable to uncontrolled or unknown causes. The latter will then 
serve as a basis for the calculation of the error of the experiment 
The variance (standard deviation squared) due to any of the known 
causes or to the uncontrolled or unknown causes may then be found 
by dividing the sum of squares by the appropriate number of degrees 
of freedom. The term “degrees of freedom is here used m the sense 
of “independent comparisons With n quantities whose mean is 
fixed there are in general n—l independent comparisons, or degrees of 
freedom The data obtained in this study were analyzed by this 
method, and the significance of the results obtained was determined 
by reference to tables given by Fisher for testmg the significance of 
such results 

EXPERIMENTAL RESULTS 

ANALYSIS OF YIELD DATA 

The analysis of variance of yield, sugar percentage, and apparent 
purity was made on the assumption of five varieties or treatments to 
be tested If the arrangement of the varieties within each replication 
series, or block, is a random one, it is legitimate to remove the sum of 
squares attributable to variations between blocks from the total sum 
of squares, leaving the sum of squares due to variation between plots 
within blocks from which to calculate the error of the experiment. 
Ordmanly this will give a lower estimate of the error of the experiment 
than the total standard deviation Usually an appreciable portion 
of the total variance can be removed in this way The effect of 
increased replication can be determined easily The standard error 
of the mean of several replications would be found by dividing the 
standard error (standard deviation) of a single plot by where N 
is the number of replication series, or blocks 

The analysis of yield data will be given first. The plot yields from 
which these analyses were made are given in Table 1 . The standard 
errors between plots within blocks were calculated for 24 different 
sizes and shapes of plots, considering the entire plot as harvested 
With plots 3 or more rows wide, a single row could be removed 
from each side of the plot to correct for competition between varieties. 
The standard errors were calculated, therefore, on this basis also for 
plots 3 or more rows wide and the results compared with those 
obtamed when the border rows in each plot were not removed. 


« Fisheb, R a , and Mackenzie, W A studies in crop variations ii the manurial response 
OP different potato varieties Joar Agr Sci [England] 13 [311]-320 1923 

10 Fisher, R A statistical methods for research workers Ed 3 rev and enl , 283 p , illus 
Edinburgh and London 1930 
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study were obtained by sampling methods but slightly different from 
those of the previous study The analysis of the data will be made 
in the same manner as before 

MATEKIAL AND METHODS 

A small field of sugar beets of approximately nine-tenths of an acre 
m area, planted ^vith Pioneer variety in 1930, was chosen for the 
experiment. The field had been cropped m a uniform manner for 
several years prior to 1930, and cultural conditions were uniform 
throughout the field during the growmg season The beets were 
planted in rows 22 inches apart on May 5. At thinning time the 
field was cross marked, dividing the rows into 12-mch units, and a 
single beet was left in each umt While the spacing was not exactly 
12 inches in all cases, slight adjustments being made between the 
cross marks, the number of beets left after thinning averaged very 
nearly one per foot of row The plot was cultivated during the grow- 
ing season with hand cultivators At harvest time the field was 
marked out mto plots 2 rods (33 feet) long, with 2-foot alleys between 
the ends of adjacent plots. The beets in these alleys were removed 
by hand before harvest in order to minimize errors due to the beets 
being dragged from one plot to another by the beet lifter The field 
actually harvested, after removmg border rows and the ends of the 
field, consisted of 60 rows 350 feet long, the rows being subdivided 
into 10 series of plots each 2 rods long, with 2-foot alleys between. 
All beets adjacent to noticeable skips in the row were removed before 
harvest After correction for such skips the stand was approximately 
85 per cent of a perfect stand The beets were harvested during the 
first week in October. 

The beets were lifted with a regular beet hfter A sample of 10 
beets was next taken from each ultimate unit (1 row 2 rods long) at 
uniform intervals over the entire length of the row Approximately 
every third beet was taken for the sample, the exact number depend- 
ing on the total number of beets in the plot after removal of beets 
adjacent to skips These sample beets were topped, placed directly 
in labeled waterproof bags, and removed to the laboratory. There 
they were weighed, washed clean of dirt, and weighed again The 
entire sample was then ground by a grinder of the multiple-saw type, 
the juice was extracted from the pulp by a hydraulic press under 
constant pressure, and about 1% pints of juice was used for the deter- 
mmation of sugar percentage and apparent purity The sugar per- 
centage in the juice was determined® by Hornets dry lead method, 
and the apparent purity was deterimned as the ratio of sugar per- 
centage to the corrected Biix readmg 

The remammg beets in the plot were then topped and weighed. 
The combined weight of the beets taken for sugar samples and those 
from the remainder of the plot, corrected for tare, was considered 
the yield of the plot The beets were counted at weighing time, 
and yields were calculated on the basis of 33 beets per plot of 1 row 
2 rods long. The tare, as determined from the sample, was only 
about 5 per cent and fairly uniform from plot to plot The harvest- 

* A conversion factor of 95 2 was used as a constant to convert the percentage of sucrose m the juice to 
percentage of sucrose in the beet 
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total), and subtracting the same product of the general total times the 
general mean as used in obtaining the total sum of squares The 
sum of squares due to variation within blocks is the difference between 
the total sum of squares and that portion due to variation between 
blocks Since a total of 600 plots was considered, there were 599 
(n-1) degrees of freedom attributable to the total sum of squares 
There were 120 blocks (of 5 plots each) and consequently 119 degrees < 
of freedom due to blocks, 599 — 119 (or 4X120) gives 480 degrees of | 
freedom due to variation between the 5 plots within each of the 120 
blocks The mean square or variance (standard deviation squared) 

IS found by dividing the sum of squares by the appropriate number 
of degrees of freedom. The standard deviation is the square root of 
the mean square or variance 

Table 2 — Analysts of vanance of weight of beets m single-row plots 2 rods long 


Variation— 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 
square « 

standard 
de'v lation 

Z b 

Between blocks 

119 

480 

6, 740 3456 
10,547 7280 

56 6416 
21 9744 

7 5261 

4 6877 

} 0 4735 

Within blocks 

Total between plots i 

599 

17, 288 0736 

28 8616 

5 3723 





HIT UWXJU W iSUUiaXGO 

- Mean square or vanance (S D 

^ 2 =one-half the difference between the natural logarithms of the two variances, or the difference between 
the natural logarithms of the standard errors (standard deviations) 


The significance of the difference between the variance between 
blocks and that within blocks was determined by the z test developed 
by Fisher The test consists in finding the difference between one- 
half the natural logarithms of the two variances, or the difference 
between the natural logarithms of the standard errors (standard 
deviations), and determining^ the significance of this difference 
by reference to tables provided by Fisher “ The value of z 
ill these tables is given for two different levels of significance — the 5 
per cent point and the 1 per cent point. When z exceeds the 5 per 
cent point, it is considered that a difference as great as the observed 
difference will be obtained less than once in 20 trials, from homogene- 
ous material, due to the errors of random sampling The 5 per cent 
point is taken as a convenient minimum level of significance. In 
Table 2, the observed value of z exceeds the 1 per cent point and we 
conclude that the difference was undoubtedly significant Since the 
variance between blocks was sigmficantly greater than the variance 
within, the elimination of variation between blocks has proved worth- 
while The standard error of a single row 2 rods long was, then, 
4 6877 pounds or 9 16 per cent of the mean yield of 51 1880 pounds 
In like manner we may determine the standard error of 3-row plots 
with the outer row on each side discarded to eliminate any possible 
differential competition between varieties A single row is then 
harvested from each 3-row plot. The analysis of variance is given in 
Table 3 


11 Fisher, R A Op cit 

31812&— 32 i 
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Table 1 — Yteld of beets (pa^unds) from 600 single-row plots, each 2 rods long, 
with 22 inches between rows 


Yield (pounds) from block No, — 


KOW iNO 

1 

2 

3 

4 

5 

0 

7 


9 

10 

yield 

1 

45 3 

54 0 

47 7 

50 8 

43 3 

51 7 

47 4 

48 1 

53 9 

54 8 

407 0 

2 

47 8 

54 3 

47 2 

42 6 

41 7 

4f) 1 

45 3 

47 8 

47 3 

51 4 

471 5 

3 

46 0 

49 2 

48 5 

47 7 

46 1 

53 4 

49 3 

47 0 

54 8 

59 8 

502 4 

4 

47 3 

43 8 

53 4 

59 5 

40 8 

38 8 

47 3 

43 6 

47 () 

45 b 

4b7 7 

5 

43 7 

47 7 

50 7 

45 1 

51 5 

49 0 

42 6 

41 9 

45 5 

42 7 

460 4 

6 

48 1 

48 8 

57 7 

48 1 

44 8 

41 8 

45 7 

48 6 

49 3 

56 3 

489 2 

7 

46 6 

46 0 

42 7 

42 8 

51 5 

47 7 

48 8 

47 1 

49 4 

49 6 

471 1 

8- 

48 7 

44 9 

46 0 

48 3 

39 0 

44 7 

48 5 

41 6 

38 3 

53 0 

453 0 

9 

37 1 

48 1 

39 4 

46 3 

48 5 

50 3 

50 2 

50 0 

41 9 

58 1 

4b9 9 

10 

41 4 

51 2 

47 6 

46 7 

45 2 

48 2 

48 0 

51 1 

52 0 

59 1 

490 5 

11 

43 3 

47 6 

52 8 

50 5 

47 6 

47 6 

48 4 

45 3 

53 6 

57 3 

494 0 

12 

47 2 

51 8 

49 6 

47 2 

48 7 

42 8 

54 2 

65 9 

53 3 

54 7 

505 4 

13 

52 8 

49 7 

52 9 

52 5 

49 4 

52 4 

54 2 

48 2 

SO 6 

51 7 

514 4 

14 

62 5 

57 1 

50 1 

46 2 

53 4 

48 7 

52 1 

52 6 

63 3 

52 6 

528 b 

15 

43 7 

43 0 

51 0 

47 3 

56 3 

44 0 

44 1 

43 2 

57 8 

50 0 

480 4 

16 

61 2 

56 3 

53 8 

54 7 

59 1 

49 1 

55 7 

48 0 

57 6 

61 7 

647 2 

17 

55 7 

49 7 

55 6 

45 9 

54 2 

46 4 

61 1 

64 7 

56 4 

51 2 

630 9 

IS 

43 5 

48 5 

52 6 

50 1 

51 6 

I 48 1 

52 7 

48 1 

48 0 

60 5 

493 7 

19 

50 9 

48 7 

50 9 

48 3 

46 3 

51 6 

52 0 

49 6 

51 5 

55 0 

613 8 

20 

55 1 

55 0 

54 2 

49 9 

50 3 

58 6 

58 5 

61 6 

62 9 

58 1 

564 2 

21 

55 4 

49 8 

62 8 

48 8 

49 1 

j61 7 

56 2 

55 0 

56 5 

54 8 

540 1 

22 

41 1 

46 0 

55 6 

51 6 

54 1 

55 4 

49 2 

59 6 

59 7 

58 5 

530 8 

23 

56 0 

57 8 

52 3 

48 8 

60 0 

56 2 

60 0 

56 2 

56 7 

54 5 

558 5 

24 

51 8 

53 2 

52 0 ' 

49 7 

53 2 

50 8 

47 6 

52 0 

67 7 

65 9 

533 9 

25 

51 6 

49 6 

57 1 

49 8 

60 0 

60 6 

57 5 

54 6 

58 2 

45 6 

544 4 

26 

49 8 

54 5 

47 5 

48 1 

53 5 

49 3 

51 0 

47 2 

60 5 

59 2 

520 6 

27 

51 3 

52 0 

66 3 

51 1 

54 2 

60 6 

65 2 

56 9 

66 5 

58 1 

572 2 

28 

49 2 

48 5 

69 1 

60 1 

63 8 

52 5 

54 3 

68 6 

M 7 

61 4 

572 2 

29 

SO 1 

57 6 

62 3 

56 1 

52 3 

63 8 

59 8 

65 3 

64 6 

SO 6 

572 4 

30 

47 6 

48 1 

48 2 

47 6 

54 5 

45 3 

55 2 

52 5 

60 7 

49 5 

490 2 

31 

39 5 

40 0 

47 0 

52 1 

51 8 

44 8 

53 1 

50 7 

60 5 

54 8 

494 3 

32 

42 2 

45 8 

50 3 

53 3 

47 9 

57 1 

59 7 

55 1 

58 0 

43 3 

512 7 

33 

44 9 

52 6 

49 5 

50 0 

44 5 

40 7 

49 6 

60 6 

51 1 

55 2 

498 7 

34 

41 7 

48 9 

51 3 

55 3 

45 7 

46 7 

44 1 

46 2 

48 6 

54 0 

482 5 

35 

48 8 

46 2 

49 2 

49 9 

57 6 

48 4 

44 8 

46 6 

61 5 

60 4 

493 4 

30 

1 45 3 

52 1 

46 7 

53 3 

53 3 

58 0 

50 6 

56 6 

59 2 

55 7 

530 8 

37 

1 51 1 

57 6 

51 3 

62 3 

56 1 

47 0 

52 0 

58 7 

64 7 

54 2 

555 0 

38 

50 7 

53 8 

50 8 

53 1 

49 9 

52 8 

47 6 

50 9 

56 2 

51 2 

516 0 

39 

39 6 

43 6 

56 3 

50 6 

51 7 

59 6 

57 8 

52 1 

48 3 

68 9 

518 5 

40 

48 0 

50 8 

52 1 

50 3 

54 3 

42 6 

46 7 

49 3 

45 6 

66 9 

496 6 

41 

53 8 

48 7 

49 7 

51 9 

47 4 

48 7 

55 2 

47 8 

50 6 

42 5 

496 3 

42 

47 6 

46 5 

42 5 

47 5 

46 7 

45 5 

44 2 

45 2 

48 0 

42 7 

456 4 

43 

52 0 

48 8 

50 6 

46 6 

45 5 

44 7 

48 2 

52 8 

61 4 

60 0 

490 b 

44 

52 0 

46 4 

45 4 

49 1 

46 6 

46 8 

48 7 

50 8 

55 0 

47 7 

488 5 

45 

46 1 

51 1 

51 8 

56 4 

50 7 

47 8 

52 0 

54 7 

68 0 

62 3 

520 9 

46 

46 5 

58 8 

51 2 

53 4 

58 9 

44 6 

SO 6 

51 3 

55 0 

53 1 

523 4 

47 

57 3 

65 8 

52 3 

52 6 

49 0 

52 0 

54 8 

52 5 

65 8 

57 5 

549 6 

48 

58 9 

65 7 

54 7 

59 8 

57 9 

53 7 

47 6 

52 3 

54 2 

53 2 

558 0 

49 

42 0 

47 8 

47 3 

58 1 

47 4 

46 2 

46 5 

51 7 

45 3 

46 6 

478 9 

50 

45 7 

47 5 

42 0 

43 7 

42 0 

44 1 

40 1 

48 1 

43 0 

46 6 

442 7 

51 

62 6 

63 0 

55 0 

S3 5 

52 2 

56 2 

46 7 

56 2 

51 9 

58 7 

534 0 

52 

41 4 

46 1 

44 6 

49 8 

55 7 

6b 7 

63 2 

47 5 

49 5 

46 4 

510 8 

S3 

42 3 

43 7 

46 7 

51 7 

50 5 

52 7 

55 5 

19 0 

41 6 

48 (> 

482 3 

54 

40 6 

47 5 

45 3 

49 6 

55 0 

51 1 

50 2 

51 5 

53 4 

48 2 

4<)5 4 

55 

52 3 

48 6 

49 3 

57 6 

54 0 

49 3 

46 6 

52 0 

5b 3 

50 8 

516 8 

56 

50 9 

49 1 

51 3 

52 3 

50 7 

54 2 1 

56 8 

55 2 

53 1 

52 5 

526 1 

57 

58 8 

55 6 

51 7 

55 0 

52 7 

53 9 1 

55 4 

55 6 

52 5 

53 2 

542 4 

58 

56 6 

52 1 

46 2 

53 3 

53 2 i 

52 3 

54 2 

46 7 

55 2 

44 2 

514 0 

59 

45 5 

50 9 

54 6 

49 9 

55 8 

66 5 

58 4 

47 0 

65 0 

49 0 

522 0 

60 

55 5 

47 3 

58 8 

63 0 

61 9 

63 1 

55 7 

60 3 

57 1 

52 3 

575 0 

Total— 

o 

oo 

_c<f 

3, 024 9 j 

3, 043 0 

3, 067 2 

|3,070 6 

! 

3,048 0 

3, 098 7 

3,087 4 

3, 218 4 

3, 136 6 

30,712 8 


In Table 2 the analysis of variance is given for weight of beets from 
plots of one row 2 rods long 

The total sum of squares was obtained by squaring the weight of 
each plot, summing, and subtracting the product of the general total 
times the general mean The sum of squares* between blocks was 
obtained by squaring the total weight of each of the 120 blocks, sum- 
ming, dividing by 5 (the number of elements contributing to each 
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The data from entire plots harvested will be considered first. In 
general the standard error, in percentage of the mean, decreased with 
increased size of plot, which was to be expected Increasing the width 
of the^ plots from one row to two resulted in a very pronounced 
reduction m the standard error Further increase in width of plot 
resulted in but slightly increased accuracy until the 12-row plots were 
reached The standard errors for 6-row plots of varying length were 
greater than for 4-row or 3-row plots and even greater than for 2-row 
plots for the 10-rod and 20-rod lengths Soil heterogeneity on this 
field apparently was of such a nature that 6-row plots were an unde- 
sirable width. That the fertility contour lines of the field were such 
as to render 6-row plots undesirable will be shown later 

Increasing the length of rows from 2 to 4 rods resulted in greatly 
reduced standard errors Further increase in length of plots to 10 
rods reduced the error further, but not in proportion to the greater 
area of land used Still further increase in length of plot to 20 rods 
resulted in but slightly reduced standard errors and not at all in pro- 
portion to the area of land required. In the 4-row plots the standard 
error was greater in plots 20 rods long than in plots 10 rods long 

Harvesting only the central row or rows from plots 3, 4, 6, and 12 
rows wide gave standard errors greater than when the entire plots 
were harvested, which was to be expected. In the case of 3-row plots 
only one-third of the entire plot would be harvested, in the 4-row 
plots, one-half would be harvested, etc. Increasing the length of 
plot I’educed the standard eiror m essentially the same ratio as when 
the entire plot was harvested. Increasing the width of plot and dis- 
carding border rows reduced the standard error more rapidly than 
when the entire plot was harvested, because of the fact that the per- 
centage of the plot actually harvested increased with the use of wider 
plots. It is to be expected, then, that when border rows are discarded 
plots of certain widths will prove to be more ej05cient m their use of 
the land than plots of other widths, and the most efficient plot will not 
necessarily be the narrowest. 

In Table 5 is given the number of replications needed to reduce the 
standard error of the mean to 2 per cent. The standard error of the 
mean of several replications is found by dividing the standax'd error 
of a single plot by the square root of N, when N is the number of 
replications 

Table 5 — Theorehcal number of lephcaitons needed to reduce the standard eiror of 

the mean to 2 per cent 


ENTIRE PLOT HARVESTED 

Length 

of 

Number of replications for plots of indicated 
number of rows 

plot 

1 

2 

3 

4 

6 

12 

Hods 

2 

4 — . 
10.— 
20.... 

21 0 

13 8 

8 4 

6 0 

11 5 

8 4 

5 6 
4,3 

9 0 

7 2 

4 9 

3 2 

9 8 

7 5 

4 0 

5 2 

10 0 

8 3 

6 9 

6 0 

6 4 

3 0 

3 7 

2 6 

CENTRAL ROWS HARVESTED 

2 ... 



22 7 

16 6 

13 5 

6 7 

4 



16 6 

7 5 

10 5 

6 5 

10 



9 6 

5.5 

9 2 

4 1 

20 



8 1 

4 7 

8 3 

3 8 
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Table 3 — Analysts of vanance of yield of beets in 3-7 ow plots 2 rods long^ of which 
only the central row was harvested 


Variation 

Degrees 
of free- 
dom 

Sum of 
sfiiiares 

Mean 

square 

Standard 

deviation 

1 

z 

Between blocks 

39 

160 

1, 919 0456 
3, 767 2520 

49 2063 
23 5453 

7 0147 

4 8523 

} 0 3(>85 

Within blocks 

Total 

199 

5,686 2976 

28 6744 

5 3455 





There are now only 199 degrees of freedom attributable to total 
variation, since there are two hundred 3-row plots in the entire field 
of 600 single rows 2 rods long Each block would require 15 rows. 
There woifid be 40 such blocks in the field and these woidd contribute 
39 degrees of freedom, leaving 160 degrees of freedom attributable to 
variation between plots within blocks 

The observed value of z exceeded the 1 per cent point and it can be 
concluded that the variance between blocks was undoubtedly greater 
than the variance within blocks The standard error of a single plot 
was here 4 8523 pounds or 9 53 per cent of the mean yield of all the 
central rows in the 3-row plots in the field (50 9215 pounds) The 
standard error was slightly greater than that found in Table 2 because 
of the fact that the size of the blocks had been increased threefold, 
allowing a smaller proportion of the total variability to be attributed 
to variation between blocks 

The 600 small plots in the field (Table 1) could be combined in 
various ways to form plots of varying size and shape On the basis 
of 5 plots per block, it is possible to consider hypothetical plots 1, 2, 
3, 4, 6, and 12 rows wide and 2, 4, 10, and 20 rods long Plots of 3 
or more rows each could be harvested entirely, or the central row or 
rows alone could be harvested, discarding one border row on each side 
of the plot Using these combinations, the entire field is considered 
each time in stud3fing the variance between plots In Table 4 is given 
the standard error in percentage of the mean for these combinations 

Table 4 — Standard errors, in percentage of the mean, of yields of plots mrijing in 

5/ re a?id shape 


ENTIRE PLOT UARVESTED 

Length 
of plot 

Standard deviation of yields (per cent) for plots 
of indicated width (rows) 

1 

2 

3 

4 

0 

12 

Rods 

2 

4 

10-..- 

20-— 

9 16 

7 42 

5 79 

4 $9 

6 77 

5 79 

4 72 

4 14 

6 00 

5 38 

4 42 

3 60 

6 27 

5 49 

4 01 

4 56 

6 33 

6 75 

5 24 

4 90 

5 06 
3.48 

3 86 

3 24 

CENTRAL ROWS HARVESTED 

2 



9 53 

8 15 

6 21 

5 70 

8 16 

5 48 

4 71 

4 33 

7 34 

6 48 

6 08 

5 77 

5 18 

4 68 

4 07 

3 92 

4 



10.— 



20-.. 
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plots 2 rods long. Dividing the variance of smgle-row plots 2 rods 
long; 21.9744 (Table 2) by 41 2244, we find that the 4-row plots were 
53 3 per cent as efficient as single-row plots. 


Table 6 . — Percentage eJJiciemij in use of land of plots varying in size and shape 



Considering the entire plots harvested, the efiiciency in use of land 
IS seen to decrease with increased size of plot. While the standard 
errors, given in Table 4, decreased in general as the size of plot in- 
creased, the reduction was not proportional to the increased size of 
plot and the result was a reduced efficiency of the larger plots. 

The most economical size of plot must then be determmed from a 
consideration of the relative cost of planting, cultivating, and harvest- 
ing the larger total area needed for large plots, compared with the 
increased cost of planting and harvesting larger numbers of small plots 
in order to obtain the same standard error. For example, 4-row plots 
2, 4, and 10 rods long utihzed the land approximately one-half as 
efficiently as single-row plots. If the cost of planting, cultivating, 
and harvesting the 4-row plots did not exceed the cost of planting, 
growing, and harvesting one-half that area devoted to single-row 
plots, it would be more economical to use the 4-row width. If the 
reverse were true, the single-row plots would be more economical 
In general, plots of 6 and 12 rows or plots 10 and 20 rods long would 
not seem economical on this basis. The increased cost due to devot- 
ing more land to the larger plots would probably be greater than the 
slightly increased cost of planting and harvesting slightly larger num- 
bers of smaller plots to obtain the same standard error of the test 

The efficiency of varying sizes and shapes of plots when the border 
rows were removed was of even greater interest It is seen that the 
4-row plots were the most efficient in use of the land. There would, 
therefore, be no advantage in using 3-row plots A greater area of land 
would need to be devoted to 3-row than to 4-row plots to obtain the 
same accuracy m the error determinations Moreover, greater num- 
bers of 3-row plots would have to be planted and harvested. Under 
average conditions the increased cost of devoting more land to 6-row 
and 12-row plots would probably not be compensated for completely 
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Table 5 brings out in slightly different form the same features 
apparent from a consideration of Table 4 With a standard error of 
the inean_of 2 per cent the standard error of a difference would be 2 
times s/% or 2 S3 per cent. Adopting twice the standard error of a 
difference as a convenient minimum level of significance; a difference 
exceeding 5 66 per cent could be considered significant with the repli- 
cation numbers given m Table 5 With 4-row plots, of which only the 
two central rows were harvested, such accuracy could be attained by 
replicating the 2-rod plots 17 times and the 4-rod plots about 10 
times The theoretical number of replications (7 5) required for the 
latter size, as given in Table 5, would seem rather too low considering 
the values found for 4-row plots of other lengths Ten replications 
would seem to be more nearly the correct number 
In the analyses of variance leadmg to the standard errors given in 
Table 4, the varieties within blocks were considered as side by side. 
With 6-row and 12-row plots, other arrangements within blocks 
imght be considered also Three varieties might be grown side by 
side and the other two end to end with two of the former varieties 

Six-row plots would 
then give a block of 
the shape shown in 
Figure 1 , A. Twelve- 
row plots would give 
a block of the shape 
shown in Figure 1, B 
The arrangement 
of the plots within 
these blocks was as- 
sumed to be random. 
For plots 2 rods long, 
the standard errors m 
percentage of the mean were found to be 5.46 per cent for the 6-row plots 
so arranged and 4 87 per cent for the 12-row plots These were some- 
what lower than the standard errors of 6 33 and 5 05 per cent, respec- 
tively, found when the five plots per block were side by side In 
general it is to be expected that the more compact the block the greater 
will be the variation removable as variation between blocks, and the 
lower the standard error within blocks 

In Table 6 is given the efficiency of plots of varying size and shape 
calculated on the basis of variance per unit area of land Plots 2 
rows wide will require twice as much land as will plots 1 row wide 
Plots 3, 4, 6, and 12 rows wide will require a corresponding number 
of times as much land, respectively, as will single-row plots The 
efficiency of plots of different sizes and shapes in their use of the land 
can then be found by multiplying the variance per plot by the number 
of smgle rows 2 rods long which go to make up the plot and expressing 
the vai'iance of a single row 2 rods long in percentage of these vari- 
ances, Taking the variance of single rows 2 rods long as a standard, 
we may determine the efficiency of all other plots m relation to the 
efficiency of this ultimate unit of size. For example, the variance of 
4-row plots 2 rods long (harvested entirely) was 10 3061. Since this 
is the variance of the mean of four rows, in the 4-row plots, we multi- 
ply by 4 and obtain 41.2244 as the variance of a single row in 4-row 


S3/T 


ss/^r 


3s/^r 







5 


Figure 1 —A, Block of beets with five varieties planted in five 6-row 
plots, each 33 by 11 feet, B, block of beets with five varieties planted 
in five 12-row plots, each 33 by 22 feet 
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There were five plots per block as before The actual data from 
which these analyses were made are given m Table 8. 


Tahle 7 — 'Analijsis of variance of sngai percentage from 4-row plots 2 rods long^ of 
which only the central two rows were harvested 


Variation 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

Standard 

deviation 

2 

Botwi'on blocks 

29 

120 

36 5367 
30 9512 

1 2599 
2579 

1 1225 
5078 

} 0 7931 

Within blocks 

Total 

149 

67 4879 

4529 

6730 





Table 8, — Siigai percentage of a 10-heet sample taken from each of 600 single-row 
plots 2'iods longj with 22 inches between rows 


Row No 



Sugar percentage of 10-beet sample from block No - 

- 



[ 

f 

Total 

1 

2 


4 

1 ® 

6 

1 7 

8 

9 

■ 10 

1 

14 60 

14 

41 

13 

85 

14 24 

14 22 

13 

18 

13 

66 

14 

02 

14 14 

14 

58 

140 

90 

2 

14 22 

14 

58 

14 

29 

13 61 

13 66 

14 

20 

13 

76 

14 

17 

14 07 

14 

22 

140 

78 

3 

14 31 

14 

52 

14 

99 

14 09 

13 76 

14 

80 

13 

90 

13 

81 

14 61 

14 

86 

143 

05 

4 

14 68 

14 

19 

14 

85 

13 68 

13 37 

13 

90 

13 

97 

13 

51 

14 41 

14 

10 

140 

56 

5 

14 14 

13 

06 

14 

40 

14 17 

13 83 

13 

20 

14 

22 

14 

34 

14 36 

14 

63 

140 

95 

6 

14 84 

13 

87 

14 

41 

13 74 

14 41 

13 

69 

13 

68 

14 

26 

15 19 

14 

52 

142 

61 

7 

15 38 

14 

14 

13 

44 

13 95 

13 36 

13 

71 

13 

20 

14 

43 

15 87 

14 

60 

142 

07 

8 

14 82 

14 

09 

14. 

38 

14 64 

14 29 

14 

27 

13 

97 

14 

68 

14 24 

14 

16 

143 

44 

9 

IS 87 

13 

37 

13 

66 

13 06 

13 98 

14 

58 

13 

90 

13 

51 

14 48 

15 

65 

142 

66 

10 

13 74 

13 

90 

14 

24 
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by the sligh tly decreased cost of hai-vesting a smaller number of 
6-row and 12-row plots as compared with 4-row plots. The standard 
errors for 6-row plots wore slightly higher than for 4-row ]ilots A 
probable explanation of this will be given later. In general, it is to 
be expected that the standard error per plot will decrease to some 
extent with increased size It would seem from these data that when 
border rows are lemoved 4 rows would be the preferable width of 
plot and the length either 2 or 4 rods. 

In order to provide a graphic illustration of the effect of soil hetero- 
geneity on yield, the contour map shown in Figure 2 was constructed 
The ongmal yield data given in Table 1 were combined to fom 6-row 
plots 2 rods long. The field was then considered as consisting of 100 
such plots. Assuming the average yield of each plot to be at the 
center, the points at which yields were 5, 10, and 15 per cent above 
the mean and 5 and 10 per cent below the mean were found by inter- 
polation between adjacent plots. The pomts found m this way for 
90, 95, 100, 105, 110, and 115 per cent of the mean yield of all the 


/ 2 3 4 

SLOCK m 
Scak </ ^ade$ 

•IS -10 - 5 - 0 *S *10 */ 5 - *20 

Figure 2 —Contour map of weight of beets fiom one hundred 6-row plots, each 2 rods long, 
contour lines drawn through pomts de\iating by —10, —5, 0, +5, +10, and +16 pei cent fiom 
the mean vi eight 

plots were then joined and the contour map shown in Figure 2 was 
constructed. 

It is quite apparent that the yield varied greatly between different 
plots in the field That this heterogeneity was systematic to a con- 
siderable extent is also evident The fertility contour lines were 
parallel to the rows to a very pronounced degree. The latter fact 
probably accounts for the high error due to using 6-row plots as com- 
pared with other widths, especially when the plots woz‘e 4 or more 
rods long Other plot widths did not coincide so closely with the 
inherent soil differences and resulted in lower standard errors. If 
the rows had been planted at nght angles to the direction actually 
used, the standard errors between plots would have been reduced 
materially. The direction of these fertility contour lines could not be 
determined, however^ until after harvest, 

ANALYSIS OF SUGAR-PERCENTAGE DATA 

Since the 4-row plots seemed of greatest interest, particularly when 
the border rows were removed, the standard errors for sugar percent- 
age and apparent purity were calculated for this width of plot alone. 
In Table 7 is given the analysis of variance of sugar percentage for 
4-row plots 2 rods long with only the central two rows harvested. 
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means of 4-row plots (only one row sampled) was 0 2925, the variance 
within plots (single rows) was 0 2137, and the total variance within 
blocks 0.2202 The data from the present study (Table 9) compared 
quite favorably with those results, considering the difference in area 
covered by the experiment, as well as the other modifications The 
variance obtained in the present study from bulk analyses on 10 beets 
when these were ground up entirely was slightly lower than the 
average of 10 single beet analyses from borings through the center of 
the beets. It would seem, then, that the studies on size of sample 
made previously probably gave a conservative estimate of size of 
sample needed to reduce the standard error of the mean to a given 
level 

In Figure 3 is given the sugar-percentage contour map of the plots 
considered in Figure 2 The contour lines were drawn through the 
points where the sugar percentages were 96, 98, 100, 102, 104, and 
106 per cent of the mean sugar percentage of all the plots The 
points used in drawing the Imes were found by direct interpola- 



Sc 0 k of shades 
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Figure 3 — Contour map of sugar percentage of beets from one hundred 6-row plots, each 2 rods 
long, contour lines drawn through points deviating by —4, —2, 0, +2, -}-4, and -1-6 per cent from 
the mean sugar percentage 

tion, as described for the yield contours in Figure 2. The ori^nal 
data are given in Table 8 

These contour lines also ran parallel to the direction of the rows, 
as found for yield, to a pronounced degree but not to the same extent, 
especially toward the right-hand side of the field. The sugar-per- 
centage contours did not parallel the yields to an appreciable degree 
The only similarity lay in the general tendency for plots giving high 
yields to have slightly higher sugar percentages as well, and vice 
versa. The actual regression of sugar percentages on yield and the 
tendency for soil heterogeneity to affect yield and sugar percentage 
independently will be given later. 

ANALYSIS OF APPARENT-PURITY DATA 

The analysis of apparent purity (expressed in per cent) for plots 
4 rows wide, with only the central two rows harvested, can be made 
in a manner identical with that used for si^ar percentage. The 
actual data from which these analyses were made are given in Table 
10. Such an analysis of variance for plots 2 rods long is given in 
Table 11 
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The observed value of z exceeds the 1 per cent point, indicating 
that a significant gain has resulted from eliminating the variability 
between blocks The standard error between plots within blocks was 
0 5078, or 3 50 per cent of the mean sugar percentage (14 5154), on 
the basis of a single 10-beet sample per plot 

In like manner the standard error between plots within blocks for 
similar 4-row plots 4, 10, and 20 rods long, on the basis <5f a single 
10-beet sample per 2 rods of plot, was found to be 0 3971, 0 2356, and 
0 2118, respectively. This woiild indicate that the variability in 
sugar percentage was reduced considerably by the increased size of 
sample from the longer plots The standard error of sugar percentage 
within plots would be influenced by the size of the sample taken The 
standard error of the mean sugar percentage between plots could be 
reduced by both replication and size of sample per plot. Both must 
be considered in deducing the total number of beets per plot necessary 
for sugar determinations and the nmnber of replications needed in 
order to reduce the error to a given level A more complete discussion 
of this has been given previously An approximation to the sam- 
pling error may be obtained from the variance between the two rows 
sampled in each 4-row plot Such an analysis of variance is given in 
Table 9 for plots 2 rods long 


Table 9 — Sampling error of sugar percentage from plots 4 ^ows wide and 2 rods 
longj of which only the central two rows were harvested 


Variation j 

Degrees 
of free- 
dom 

Sum of 
squares 

■ ■ 

Mean 

square 

Standard 

devia- 

tion 

z 

Between plots within blocks 

120 

150 

30 9512 
23 8215 

0 2579 
1588 

0 5078 
3985 

} 0 2424 

Within plots ... - 

Total within blocks 

270 

64 7727 

2029 

4504 





z was greater than the 1 per cent point, indicating that the variance 
between plots was sigmficantly greater than the variance between the 
two rows within the plots In so far as the variance between two sam- 
ples from adjacent rows within the plots gives the same result as 
would be obtained by taking two 10-beet samples uniformly over 
both rows, the results may be taken as a measure of the sampling 
variance within plots The variance between rows within plots on 
this basis could be reduced in direct proportion to the size of sample 
The difference between variance between plots and within plots 
(0 2579 — 0 1588 = 0 0990) would measure the response due to inherent 
soil differences between plots and could be reduced by increased 
rephcation alone. Sixty- two per cent (0 1588—0 2579) of the van- 
ance between plots, therefore, was due to sampling error A study 
was made previously with individual sugar analyses on 10 beets 
taken from each 2-rod plot from rows 14, 18, 22, 26, 30, 34, 38, 42, 46, 
and 50. (Table 8 ) The present study covered a greater area and was 
made on bulk analyses of 10 beets instead of 10 individual analyses 
on as many beets. A comparison of the results might be of interest, 
however. In the study on individual beets the variance between the 
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The observed value of z exceeded the 1 per cent point and was 
undoubtedly significant The standard error between plots within 
blocks was 2 1771, or 2 56 per cent of the mean apparent punty 
(84 9815), on the basis of a single 10-beet sample per plot This is 
somewhat lower than the standard error calculated from the sugar 
percentages (3 50 per cent) on the same plots. 

The standard errors between plots withm blocks for plots 4, 10, 
and 20 rods long, on the basis of a 10-beet sample taken from each 
plot 2 rods long, were found by similar analyses of variance to be 
1 6651, 1 0971, and 0 7875 per cent, respectively These variances 
decreased markedly with increasmg size of sample from the longer 
plots 

A direct comparison may now be given of the standard errors within 
blocks for yield, sugar percentage, and apparent purity for 4-row 
plots 2, 4, 10, and 20 rods long when only the central rows were 
harvested The yields were obtained from all the beets harvested, 
and the sugar and purity percentages on the basis of a 10-beet sample 
per 2-rod plot Expressing these in percentage of the mean we 
obtain the results given in Table 12 

Table 12 — Standaid erroiSj in peicentage of the nieatij of yteldj sugar percentage, 
and apparent punty for 4 -tow plots of four lengths, of which only the central 
lows were harvested 


Length 
of plot 

standard error of— 

Yield “ 

Sugar 
percent- 
age ^ 

Apparent 

purity 

Rods 

Per cent 

Per cent 

Per cent 

2 ...... 

8 15 

3 50 

2 57 

4 

5 49 

2 74 

1 96 

10 

4 71 ! 

1 62 1 

1.29 

20 

4 33 i 

1 46 

.93 


“ Calculated from total number of beets harvested on plot, 

*> Calculated on basis of a 10-boet sample per 2-rod plot 

Apparently weight was more variable than either sugar percentage 
or apparent purity, even when the latter was obtained from a 10-beet 
sample per plot and the former from the entire plot. The standard 
errors for sugar percentage and apparent ^ purity were reduced in 
almost direct proportion to the increased size of sample taken from 
the longer plots and were not greatly affected by sampling over 
greater areas 

An approximation to the sampling error for apparent purity may 
be obtained in the manner suggested for sugar percentage (Table 9 ) 
Such an analysis of variance is given in Table 13. 


Table 13 — Sampling error of apparent purity from 4 -tow plots 2 rods long, of 
which only the central rows were harvested 


Variation 

Degrees 
of free- 
dom 

i . 

Sum of 
squares 

Mean 

square 

Standard 

deviation 

z 

Between plots within blocks.... .... — 

120 

668 7860 

4 7399 

2 1771 

} 0 1507 

Within plots.. - - 

160 

626 0600 

3,5064 

1 3726 


Total within blocks 

270 

1, 094 7460 

4 0646 

2.0136 
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Table 10 — Appaient pinitij percentage of a 10-heet fsample taken fioiii each of (JOO 
single-iow ploti^ 2 lods lortgj with 22 tnthes between roivs 


Apparent laiiiti percentage of 10 beet sample liom block No — 


Row No 
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87 1 

83 1 

87 6 

87 1 

858 3 

34 

85 8 

87 0 

86 9 

87 0 ! 

1 86 4 

84 9 

84 7 

83 0 

82 9 

85 5 

855 3 

35 

86 2 

84 9 

85 3 

85 3 

1 85 8 

84 B 

86 1 

82 6 

86 2 

86 3 

853 5 

36 

84 1 

87 2 

79 6 

: 86 5 

81 4 

85 1 

83 2 

83 3 

89 6 

81 6 

841 6 

37 

86 8 

85 8 

85 2 

83 2 

86 2 

85 8 

84 5 

81 4 

83 b 

87 4 

848 9 

38 

86 4 

S3 7 

86 8 

' 8b 6 

84 1 

86 8 

84 4 

8b 5 

85 4 

8b 7 

857 4 

39 

87 0 

84 3 

83 6 

83 7 

82 9 

80 1 

83 9 

82 3 

89 2 

87 5 

844 5 

40 

85 1 

85 6 ' 

85 5 

85 6 

85 6 

86 2 

85 3 

87 2 

88 2 

83 2 

857 5 

41 

84 6 

84 3 

84 1 

86 2 

85 9 

86 4 

84 1 

84 8 

89 b 

83 b 

853 fl 

42 

82 7 

85 1 

81 9 

85 5 

85 9 

86 9 

89,1 

84 2 

88 b 

81 0 

851 5 

43., 

83 3 

85 8 

83 8 

82 5 

85 4 

85 5 

81 4 

79 8 i 

82 8 

83 4 

833 7 

44_ 

84 3 

85 0 

84 2 

85 5 

83 1 

82 3 

84 2 

84 6 

89 0 

87 9 

850 1 

45 

84 9 

85,1 

85 4 

86 4 

84 2 

87 2 

84 2 

87 8 

84 4 

89 7 

859 3 

46_ 

85 6 

85 2 

85 6 

84 1 

82 4 

85 3 

86 8 

85 3 

87 1 

85.2 

852 t) 

47 

81.0 

88 8 

81 2 

84 7 

85 1 

82 0 

81 2 

85 1 

86 2 

87 2 

842.5 

48 

88 2 

85 4 

8b 6 

87 1 

87 6 

8b b 

85 7 

85 b 

85 6 

85 3 

863, 7 

49 

82 0 

85 7 

8R 6 

86 0 

84 8 

85 0 

85 7 

88 4 

85 (> 

87 9 

859 7 

SO 

86 0 

84 4 

83 9 

86 2 

85 7 

84 6 

86 9 

8b 7 

87 3 

81) 9 

861 6 

51 

88 4 

84 6 

85 7 

81 4 

85 7 

88 1 

86 0 

86 2 

86 2 

84 7 

857 0 

52 

88 8 

85 2 

85 h 

85 8 

85 8 

8b 6 

8(» 3 

8(j 2 

85 9 

89 9 

86() 1 

53- 

84 6 

83 9 

88 8 

8b 7 

85 1 

84 6 

S7 4 

vSb 7 

H6 S 

89 7 

8bl 3 

54 

85 1 

8b 0 

84 8 

85 8 

85 2 

81 2 

86 7 

85 0 

S5 9 

88 J 

856 8 

55 

86 6 

86 3 

85 7 

83 7 

87 0 

87 b 

84 8 

8b 3 

87 7 

HI H 

860 5 

56 

Sb 8 

89 1 

84 8 

86 5 

87 8 

84 3 

8b 4 

84 9 

87 2 

88 3 

8(i() I 

57- 

82 5 

87 2 

88 1 

83 8 

90 9 

85 9 

85 1 

84 9 

88 3 

90 0 

86t) 7 

58- 

80 3 

87 7 

87 9 

84 2 

1 85 9 

84 1 

8b 3 

88 1 

84 4 

8t) 8 

855 7 

59- 

85 2 

84 5 

86 b 

89 3 

81 8 

86 6 

83 9 

86 8 

87 1 

88 8 

8()0 6 

60 

89 0 

85 5 

83 0 

83 7 

84 4 

87 6 

86 b 

88 0 

84 5 

88 8 

861 9 

Total- _j 

5, 095 9 

5, 072 6 

5, 086 7 

5, 079 4 j5, 074 9 

1 ) 

5, 085 9 

5, 082 4 

5, 090 8 

5. 169 8 

5, 150 5 

50, 988 0 


Table 11 — Analysis of variance of apparent puiiiy from 4“^ow plots 2 7 ods long^ 
of which only the central rows were hai vested 


Variation 

i 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

Standard 

deviation 

t 

Between blocks - - . , _ I 

29 

302 3527 
568 7860 ; 

10 4260 

4 7399 

3 2289 

2 1771 

} 0 3941 

Within blocks 

120 

1 

i 


149 

871 1387 

5 8466 

2 4180 


Total 1 




Apr 16 , 1932 Size and Shape of Plot in Field Experiments 


665 


REGRESSION OP SUGAR PERCENTAGE ON YIELD AND OP APPARENT PURITY ON 
YIELD AND ON SUGAR PERCENTAGE 

Calculations were made for the linear regression coefficients, 
within plots, of sugar percentage on yield and of apparent purity on 
yield and on sugar percentage for 4-row plots 2 rods long with only 
the central rows harvested The regression coefficient expresses the 
expected value of the dependent variable on the basis of its relation- 
ship to the independent These may be summarized as follows: 

Regression coefficient 


Regression C^per cent) 

Sugar percentage on weight —0 020753 

Apparent purity on weight — 067567 

Apparent purity on sugar percentage 3 334299 


The significance of the regression coefficients was tested by the 
method proposed by Fisher The regression of sugar percentage 
on weight of beets was probably significant The z test showed that 
the difference between the variations due to linear regression and to 
departure from regression exceeded the 5 per cent point but not the 
1 per cent point It may be concluded, therefore, that weight prob- 
ably affected sugar percentage significantly when the relationship was 
determined within plots The negative regression of purity on 
weight was not significant The observed z v^ue did not exceed the 5 
per cent point in the latter case. The regression of apparent punty 
on sugar percentage was highly significant 

The regression equation may be used to express the estimated 
value of the dependent variable in relation to the independent 
variable This is given in the case of regression of sugar percentage 
on weight by _ _ 

Z=i + 6 (w — w), 

where Z (Zucker) is the estimated sugar percentage and i and are 
the means of sugar percentage and weight, respectively, w is any 
observed weight, and b is the regression coefficient. Letting P 
represent apparent purity, the different regression equations may be 
expressed as follows: 


Regression Regression equation 

Sugar percentage on weight ^=15 5646—0 020753 w 

Apparent punty on weight P=88 2734— 067567 w 

Apparent punty on sugar percentage P=36 4588+3 334299 z 


In these equations w and z represent any observed value of weight 
and sugar percentage, respectively, obtained in the experiment 
The intraplot correlation coefficients may be given also, for con- 
venience The significant coefficients are in italic If the regression 
coefficients are significant, it follows that the correlation coefficients 


must be significant also. 

Correlation of correlation 

Sugar percentage and weight —0 1746 


Apparent purity and weight — 1210 

Apparent purity and sugar percentage . 7096 


There was httile relationship between weight of beets and either 
sugar percei^age or apparent purity. Sugar percentage and apparent 
purity were^liighly correlated, as woidd be expected 

» Fisher, R A Op cit (Footnote 10 ) 
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The observed value of 3 (0 1507) exceeds the 5 per cent point 
(0 1417) but not the 1 per cent point (0 2002) The two variances 
may, therefore, be considered as probably significantly difieront 

As an approximation to the sampling variance for apparent purity 
in plots 2 rods long, we may use 3 5064 This is on the assumption 
that the variance actually obtained from two 10-beet samples taken 
from adjacent rows within the plots would be very nearly the variance 
of two 10-beet samples where each was taken from both rows m a 
random manner This variance would then be a measure of the 
sampling error and could be reduced by increasing the size of 
sample The difference between the variance between plots and 
that within plots (4 7399 --3 5064 = 1 2335) would measure the 
variance due to soil differences between plots This latter variance 
could be reduced only by increased replication Approximately 
3 5064—4 7399, or 74 per cent of the variance between plots, was 
due to samphng error Both variance within plots and variance 



BLOCK A/0. 

Scale cf shades 



-4 -3 -2 -y 0 *1 *2 *3 ** 


Fiqure 4 —Contour map of apparent purity of beets from one hundred 6-row plots, each 2 rods 
long, contour Imes drawn through points deviating by -3, -2, — i, 0, +1, +2, 4*3 per cent from 
the mean apparent purity 

due to inherent soil differences between plots must be considered in 
estimating the value of replication and size of sample to reduce the 
standard error of the mean to a given level Since the standard 
error for sugar percentage in percentage of the mean was greater 
than for apparent purity, it would follow that the standard error for 
purity would usually be lower than for sugar percentage with the 
same size of sample 

In Figure 4 is shown the same type of contour map for apparent 
purity as was given for weight and sugar percentage These con- 
tour hnes were drawn through the points at which the purity was 
97, 98, 99, 100, 101, 102, and 103 per cent of the mean 
The contom* Imes bear a marked similarity to those for sugar per- 
centage but not to those for yield. In general, the areas of high 
sugar percentage were also high m purity of juice and vice versa 
Some exceptions are noted, however. Apparently the field was quite 
heterogeneous for weight of beets, sugar percentage, and apparent 
purity While the two latter bear a distinct relationship to each 
other, there are marked differences in certain areas 
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apparent purity and sugar percentage within plots Correction on 
the basis of the regression of apparent purity on sugar percentage 
reduced the variance in apparent purity between plots from 5 8465 
to 2 6669, or to 46 per cent of the original variance Therefore 54 
per cent of the variation in apparent purity between plots was due to 
the factors that affected sugar percentage 
These calculations substantiate the conclusion, arrived at previously, 
that the variation in weight was entirely independent of variation in 
purity and very nearly independent of variation in sugar percentage. 
Sugar percentage and apparent purity varied together to an apprecia- 
ble degree Slightly more than one-half of the variation in apparent 
purity was due to factors that affected sugar percentage as well 

DISCUSSION 

It would seem, from the data presented here, that fairly narrow 
plots, either 2 or 4 rods long, would be the most economical size and 
shape to use for agronomic experiments with sugar beets Some 
modifications would need to be made for certain types of experiments 
In regions where stands are knowm to be poor because of unfavorable 
soil conditions, diseases, or insect pests, larger plots would seem advis- 
able oi replication should be increased 

The standard errors obtamed from using plots of var 3 ang size and 
shape probably could be considered fairly high estimates of the errors 
to be expected under average conditions. The contour lines for weight 
ran parallel to the direction of the rows to a very pronounced degree 
This would result m an increased estimate of the standard error be- 
tween plots Under average conditions these contours probably 
would not parallel the direction of the rows to the same degree The 
same was true of the sugar-percentage contours and, to a slightly less 
degree, of the apparent-purity contours The estimates of the error 
between plots were probably slightly above that expected imder 
average conditions, assuming environmental conditions similar to 
those of 1930 

The linear regression of sugar percentage on weight, for individual 
beet analyses, was found m a previous study to be expressed by 
the equation 

5- -0 589375 (w~w), 

where w was the weight of a single beet A 1 -pound increase m 
weight would then mean a reduction of 0 59 per cent sugar^ In the 
present study the regression of sugar percentage on weight was 
expressed by the equation 

6- -0.020753 (w-w), 

where w was the weight of a single-row plot 2 rods long Each such 
plot contamed a maximum of 33 beets- An average increase of 
1 pound in weight per beet would mean a decrease of 0.68 per cent 
sugar (33 times —0 020753), which is in fairly close agreement with 
the value found for the individuals. The regression of sugar per- 
centage on weight was not entirely linear in the case of the individual 
beet analyses.^® The quadratic regression showed that a umt increase 


r R Op cit (Footnotes) 
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The linearity of regression of sugar percentage on weight, apparent 
purity on weight, and apparent purity on sugar percentage was 
tested The regressions were found to be linear 


VARIATION IN SUGAR PERCENTAGE AND IN APPARENT PURITY WHEN THEIR 
RELATIONSHIP WITH WEIGHT AND SUGAR PERCENTAGE, RESPECTIVELY, IS 
HELD CONSTANT 


It would seem of interest to determine the variability in sugar 
percentage between plots after correction for regression of sugar 
percentage or weight within plots The sum of squares of sugar 
percentage between plots after such correction would be given by 


S{{2 — z)^ — 2h (w — w) 

where S represents summation, (s— i) and (w — w) represent, respec- 
tively, any observed deviation of sugar percentage and weight 
between plots from their mean, and b is the regression coefficient of 
sugar percentage on weight within plots Comparing this quantity 
with the departures of sugar percentage within plots from regression 
would give an exact test of the significance of variation m sugar 
percentage after correcting for its relationship with weight. The 
analysis of variance is shown in Table 14. 


Table 14 — Test of variabihty of sugar 'percentage between plots apart from its 

relationship with weight 


Variation 

Degrees 
of free- 
dom 

i 

Sum of 
squares 

Mean 

square 

Standard 

deviation 

z 

Between plots, corrected for ■weight 

149 

73 9172 

0 4961 

0 7043 

} 0 5S17 

Departure from regression 

149 

23 0954 

1550 

3937 



The observed value of z exceeds the 1 per cent point, and it is con- 
cluded that the sugar percentage varied sigmficantly apart from its 
relationship with weight In fact, the variance between plots after 
correction for weight (0 4961) was 9 5 per cent greater than^ the 
variance without correction (0 4529) An explanation for this is 
found in the fact that the regression of sugar percentage on weight 
within ^lots was negative ( — 0 020753), while the sum of products, 
S{{w—w) (s— i)}, between plots was positive (95 9203) 

The variation in apparent purity apart from its relationship with 
sugar percentage should prove of interest, since these two characters 
are highly correlated The analysis of variance is shown m Table 15 


Table 15 — Test of variability of apparent purity between plots apart from its 
relationship with sugar percentage 


1 

Variation 

Degrees 
of free- 
dom 

Sum of 
squares 

1 

Mean 

square 

Standard 

deviation 

z 

Between plots corrected for sugar percentage 

149 

397 3653 

2 6669 

1 6330 

1 3233 

]• 0 2100 

Departure from regression 

149 

261 1234 

1 7525 



The observed s exceeds the 1 per cent point, indicating that apparent 
purity varied from plot to plot apart from the relationship between 
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METHODS OP DETERMINING BOUND WATER IN PLANT 

TISSUE 1 

By J D Sayre 

Physiologist j Division of Cereal Crops and Diseases, Bureau of Plant Industry^ 
United States Department of Agriculture ^ 

INTRODUCTION 

As a part of the research on the physiology of corn which was started 
when the European corn borer invaded Omo, a study was made of the 
water content of different varieties of corn This study mcluded an 
attempt to find out the different ways in which water was held by the 
corn plant In these studies, measurements were made of the amount 
of water removed from the tissues by pressure and the amount of 
bound water in the expressed sap. These measurements were sug- 
gested by the work of Newton and Gortner {17f and Newton {16) on 
winter hardiness in wheat 

Unsatisfactory results were obtained in the measurements of the 
bound-water content of expressed sap from corn tissue by the cryo- 
scopic method used by Newton and Gortner {17) Some determina- 
tions indicated no bound water in the sap, others showed a small 
percentage of bound water but satisfactory checks could not be 
obtained These results were contrary to expectation, since the sap 
from leaf tissue was found to contain 4 to 5 per cent of colloidal 
material, largely proteins 

Before contmuing work on the water content of corn, it was neces- 
sary, therefore, to test this method further, to try out other methods 
that had been suggested, and possibly to devise new ones; in other 
words, to make a critical study of methods used in determining 
bound water. Only those methods that appeared to be best suited 
for measuring bound water in plant tissues and in plant saps were 
considered 

DEFINITION OP BOUND WATER 

A satisfactory definition of bound water can hardly be made. All 
water that is not free water, that is, that does not show some of the 
common properties of liquid water, may be considered as bound water. 
Foote and Saxton (5, 6) recognize free, capillary or adsorbed, and 
combined water in such substances as lampblack, silica, alumina, and 
ferric oxide when mixed with water They base their conclusions on 
the results of dilatometer measurements of the amount of water that 
will change to ice Bouyoucos {!), also using dilatometer measure- 
ments, classified the water in certain soils as free and unfree ^ He 
states that unfree water may be either capillary adsorbed or combined 


1 Received for publication Oct 29, 1931, issued May, 1932 investigations conducted in cooperation 
between the DiMSion of Cereal Crops and Diseases, U S Department of Agriculture, and the Ohio Agri- 
cultural Experiment Station 

2 The writer takes pleasure in acknowledging the helpful suggestions of F. D Richey, of the Division ©f 
Cereal Crops and Diseases, during the preparation of this paper 

3 Reference is made by number (italic) to Literature Cited, p 686 
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in weight did not result in as great a reduction in sugar percentage 
among the smaller beets as among the larger One would expect, 
therefore, that when the sugar percentage was determined from bulk 
samples of entire beets the larger beets would contribute a greater 
quantity of juice of lower sugar content and a higher regression 
coefficient would be obtained. Such was actually the case 
The variability in sugar percentage between plots could not be 
reduced by means of the regression of sugar percentage on weight. 
Such regression was negative within plots and positive between 
plots. The variability of apparent purity between plots could be 
reduced 54 per cent by holding constant the effect of sugar per- 
centage on purity. It would seem, therefore, that differences in 
apparent purity between varieties or treatments, apart from the effect 
of sugar percentage, could be determined with a high degree of accu- 
racy The general method of deterimning the variation in sugar 
percentage and apparent puiity apart from their relationship with 
weight and sugar percentage, respectively, would seem to be ex- 
tremely valuable in agronomic experiments with sugar beets. 

SUMMARY 

Studies of size and shape of plot in relation to field experiments 
with sugar beets have been made, and the relationship determined 
between weight, sugar percentage, and apparent purity 
Standard errors, expressed in percentage of the mean, decreased 
in general with increased size of plot. An explanation is offered to 
accoimt for a greater standard error from 6-row plots than from 3 or 
4-row plots, when the entire plot is harvested 

Efficiency in use of land decreased with increased size of plot when 
the entire plot was harvested.^ When the border rows of the plots 
were removed, 4-row plots^ were most efficient 
Weight of beets was significantly correlated (negatively) with sugar 
percentage, but not with apparent purity. Sugar percentage was 
highly correlated (positively) with apparent purity Intraplot 
regression and correlation coefficients were given 

Contour maps for weight of roots, sugar percentage, and apparent 
purity were drawn from data on one hundred 6-row plots 2 rods long. 

Sugar percentage vaiied significantly from plot to plot apart from 
its relation to weight Fifty-fom* per cent of the variability m 
apparent purity between plots was due to factors that affected sugar 
percentage as well. 

The sampling error was calculated for sugar-percentage and appar- 
ent-purity deternunation for 4-row plots 2 rods long. The manner 
in which the standard error between plots may be reduced by replica- 
tion and size of sample has been demonstrated. 
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This paper reports the results of an attempt to simplify and stand- 
ardize several of those that appear to be best suited for measuring 
bound water in plant tissues and in plant saps, as a preliminary to 
the determination of bound water in corn tissues. 

METHODS OF MEASURING BOUND WATER 

In most of the methods so far used, total water and free water are 
measured and the bound water is found by difference, the bound 
water being the water held hj the solid part of the material m one or 
more of the several different ways discussed above 

THE CRYOSCOPIC METHOD 

The cryoscopic method was mtroduced by Newton and Gortner 
(17) The theory involved is the assumption that bound water does 
not dissolve sucrose 

Apparatus and Technic 

A freezing-point apparatus, a refractometer, and some means of 
obtaining suitable samples of expressed sap are necessary m making 
determinations on plant material by this method The writer modi- 
fied the procedure followed by Newton and Gortner (17) and thereby 
shortened the laboratory manipulation but increased the amount of 
calculating necessary In this modified method accurate weighings 
of the liquid and of the sucrose are both elunmated The amount of 
sucrose added to the liquid, on which the excess depression of the 
freezing point depends, is determined with the refractometer used to 
obtain the total solid content of the material, as described by Gortner 
and Hoffman (8), 

The modified procedure substitutes one readmg with the I'efrac- 
tometer for two analytical weighings The method is as follows: 
Determine the refractive index and the depression of the freezing 
point of the original liquid, add sucrose to a similar portion, about 3 
g to 10 ml; and after the sucrose is dissolved determine the refractive 
index and freezmg-point depression of this mixture. Several readings 
with the refractometer are made on each sample and the results 
averaged, and duphcate freezing-point measurements are made on 
separate portions of each mixture The refractometer readings are 
corrected to a temperature of 20° C and also for any difference 
between actual total solid content determined by vacuum oven drying 
and that indicated by the reading with the refractometer From 
these data the amount of bound water is calculated by a formula 
modified slightly from the one given by Newton and Gortner (17). 

Determining Amount of Sucrose Added 

The refractometer was first used by Gortner and Hoffman (8) to 
determine the total solids in plant saps This determination is based 
on the assumption that total sohds in the sap have a refractive index 
very similar to that of sucrose. This assumption is true of rather 
dilute sols or solutions of dextrm, starch paste, glucose, fructose, gum 
arable, and similar compounds, and of many plant saps Before many 
determinations on any one substance are made, however, checks 
should be provided by vacuum oven drying In some plant saps 
refractometer determinations are too high Sap from blade tissue of 
corn gives values from 6 to 14 per cent too high, depending on the 
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Newton and Gortner {17) divide the wate»- m plant saps into free 
water and bound water Their method of determination is based 
upon the assumption that bound water will not dissolve sucrose. 

In plant tissues and in plant saps where there is material in true 
solution, such as sugars and salts, water may be held by hydration 
of molecules and ions and by osmotic phenomena Maximow (i^) 
and Rosa {21) discuss these "forms of winter Gortner (7) considers 
water of imbibition and water that will not dissolve sucrose as bound 
water. Meyer {IS) considers water that can not be removed by 
pressure from the tissue after certain tieatments as bound water 
From these examples and from many others that might be cited it 
seems that no single standard has been established and that water 
may be considered as bound when it is held or contained in the material 
in any one of several different ways 

EVIDENCE FOR EXISTENCE OF BOUND WATER 

There is considerable evidence m physical chemistiy for the 
existence of bound water The hydration of sucrose or the associa- 
tion of a certain number of water molecules with each sugar molecule 
IS an example Philip {19) states that 5 molecules of water are asso- 
ciated with each molecule of sugar, and Findlay {4) and Scatchard {22) 
consider 6 as the correct number The hydration of sucrose can be 
proved by several separate and distinct methods by which actual 
measurements can be made ill methods indicate that the number 
of associated water molecules is either 5 or 6. Ions also may be 
hydrated Water held by ions or molecules does not have some of the 
properties ordmarily shown by liquid water, such as vapor pressure, 
osmotic phenomena, etc., and may be considered as bound water. 

Many substances in a state of fine subdivision, such as carbon black, 
silica gel, platinum black, and alumina, have the property of adsorbing 
substances, mcludmg water. The adsorbed water may be in a thin 
layer around the particles or m the minute spaces between the par- 
ticles It IS held by very strong forces and may have properties quite 
different from those of liquid water. Those substances m plant tissues 
and in plant saps which are in a similar state of subdivision may also 
adsorb water Adsorbed water may be considered as bound water 

In sols like gum arabic, which do not set to a rigid gel, some of the 
water is associated with the particles, probably similarly to water of 
hydration or adsorbed water Water so held and also that m rigid 
gels like agar, gelatin, and silica gel and in other similar plant or 
animal products is considered by Gortner (7) as bound water Water 
of imbibition held by substances hke Laminaria, fibrin, starch grains, 
and mucilages is also considered by him as bound water Changes 
in water content in these substances usually are associated with 
viscosity changes The force required to remove water held by these 
substances is very great. Meyer {IS) measured the water forced out 
of plant tissues by pressure after freezing at — 15° to —20° C. and at 
— 57°. He considered that the w^ater forced out "without freezing corre- 
sponds roughly to the free water, and that that forced out after freezing, 
together with that left in the tissue, is bound in varying degrees 

Bound water does not exist in definite proportions relative to the 
solid material of the system, but as a ratio between bound water and 
free water The ratio may be changed quickly by varying the tempera- 
ture, acidity, surface energy, presence of electrolytes, pressure, etc. 
Various methods of measuring bound water have been suggested. 
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A comparison was made between this method of determining the 
amount of sucrose added to gum arable solutions and the method of 
actually weighing the solution and the sucrose The concentration of 
the gum arabic solution was deternuned with the refractometer and 
enough solution to contpn 10 g of water was weighed out in a small 
weighing bottle. To this was added a weighed amount of sucrose. 
After the sucrose was dissolved the refractive index of the sugar-gum 
arabic mixture was determined The amount of sucrose added was 
found from the two refractometer readings. The comparative data 
from a number of determinations which are given in Table 3 show 
that this method is essentially as accurate as weighing the sugar 

Table 3 — Comparison of weighing and the refractive index method of obtaining the 
concentration of sucrose added to a gum arabic solution 


Gum 
arabic sol, 
percent- 
age of to- 
tal solids 

Gum 

arabic 

Gum 
arabic 
plus su- 
crose 

Sucrose 
by dif- 
ference 

Actual 
amount 
of sucrose 
added 


Gper 

Gper 

G per 

Gper 

Per cent 

UOOO 

1,000 

1,000 

1,000 

9 6 

103 6 

449 4 

342 9 

342 2 

9 6 

103 5 

449 4 

342 9 

342 2 

9 6 

100 5 

448 4 

341 9 

342 2 

9 6 

103 5 

449 5 

342 1 

342 2 

9 6 

103 5 

452 0 

1 344 6 

342 2 

9 6 

103 5 

449 0 

341 6 

342 2 

Mean... 



342 6 

342 2 

9 8 

107 7 

210 2 

102 5 

100 0 

9 8 

107 7 

308 0 

200 3 

200 0 

9 8 

107 7 

410 9 

303 2 

300 0 


If the refractometer does not give the true measure of total solids 
m the material, the calculation of the results is somewhat more com- 
plicated. The following data, taken from determmations on sap 
from blade tissue of com, illustrate how the calculations are made. 
Refractometer readings and the determinations of total solids by 
vacuum oven drying were made on the original sap, and refractom- 
eter readings on the sap after the sugar was dissolved. Exactly 
3 g of sucrose was added to 10 ml of sap The results further cor- 
roborate the fact that the amount of sucrose added can be found from 
refractometer readings on the sap. 

COMBAaiSON OF REFE ACTIVE INDEX METHOD AND WEIGHING FOR DETERMINING 
THE AMOUNT OF SUCROSE ADDED TO PLANT SAP 

Refractive Index Method 

Kefiactometer readiug on original sap=l 3604 at 20° C. 

Percentage of total sobds by refractometer =17 7 
Percentage of total sohds by vacuum oven=15 1. 

Refractometer reading corresponding to 15.1 per cent total solids = 1 3559 at 20° C. 
Correction to apply to refractometer reading 1.3559—1 3604= —0.0045. 
Refractometer reading after adding sucrose = 1 3924 at 20° C (3 g to 10 ml of 
sap). 

Corrected refractometer reading after adding sugar =1 3879 at 20° C 
Grams per 1,000 g solvent corresponding to tt = 1 3879=510 
Grams per 1,000 g solvent corresponding to tt = 1 3559=178 

Grams sucrose per 1,000 g solvent added =332 
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seasoa of the year, while readings on sap from stem tissues of the same 
plants agreed almost exactly with the results of vacuum oven diying 

The amount of sucrose added to a plant sap or to a gum arabic sol 
can be determined by the increase in refractive index, if the grams of 
total solids per 1,000 g of solvent are used instead of the percentages 
of total solids, that is, the grams of total solids per 1,000 g of 
solvent in the original sap subtracted from the grams of total solids 
per 1,000 g of solvent after sucrose was added will give the grams 
of sucrose per 1,000 g of solvent which was added This method is 
the most convenient way of expressing the^ concentration of sucrose 
solutions when their freezing point is considered From this value 
the additional depression of the freezing point due to the sucrose is 
determined and the percentage of bound water m the material 
calculated 

The refractive index, the percentage of total solids, and the grams of 
total solids per 1,000 g of solvent are given in Table 1 These 
data are based on the refractive indices of sucrose solutions given by 
Browne [2) The grams of total solids per 1,000 g of solvent were 
calculated by simple proportion from the percentages of sucrose 
and the percentages of water Temperature corrections added to 
all values when readings are made above 20^ C are given in Table 2 
These data should be put m graphic form to be useful in determining 
the concentration of the solutions or mixtures 


Table 1 . — Peicentage hy weight, t efractive index, and grams of total solids pei 1,000 g 
of solvent of sucrose solutions 


Percentage 
by weight 

Refrac- 
tive m- 
dev at 
20® C« 

Grams 
per 1,000 g 
solvent 

Percentage 
by weight 

Refrac- 
tive in- 
dex at 
20® 0 

Grams 
per 1,000 g 
sohent 

Percentage 
by weight 

Refrac- 
tive in- 
dex at 
20® C 

Grains 
per 1,000 
solvent 

1 

1 8344 

10 1 

15 

1 3557 

176 6 

28 

1 3775 

388 9 

2 

1 3359 

20 4 

16 

1 3573 

190 5 

29 

1 3793 

1 3811 

408 5 
428 6 
449 3 
470 6 
492 5 
515 2 
538 5 
562 5 

587.3 
612 0 

639. 3 
666 7 

3 

1 3374 

30 9 

’ 17 

1 3590 

204 8 

30 

4 

1 3388 

41 7 

1 18 

1 3606 

219 5 

3i 

1 3829 

5 

1 3403 

52 6 

19 : 

1 3622 

234 6 

32 

1 3847 

6 

1 3418 

63 8 

1 20 

1 3639 

250 0 

33 

1 3865 

7 

1 3433 

75 3 

' 21 

1 3655 

265 8 

34 

1 3883 

8 

1 1 3448 

87 0 

; 22 

1 3672 

282 1 

35 

1 3902 

9 

' 1 3464 

98 9 

i 23 

1 3689 

298 7 

36 

1 3920 

1 3939 

10 

1 1 3479 

111 1 

' 24 - 

1 3706 

315 8 

37 _ 


! 1 3494 

123 b 

! 25 

1 3723 

333 3 

38 

1 3958 

1 3978 



12 

' 1 3510 

136 4 

1 26 

1 3740 

351 4 

39_ 

13 

1 1 3520 

149 4 

27 

1 3758 

369 9 

10 

1 1 3997 

1 

14 

i 1 3541 

1 

162 8 




° From Schonroek 's table as gi\ en by Browne p 64 ) 


Table 2 — Tempetature collection for total solids hy the refi actometei 

[Add the value to the total solids to convert values to 20® C Computed from Stanek's correction table as 

gi\en by Browne (<?)] 


Temperature (®C ) 

Correction for indicated number of grams of total solids per 

1,000 g of solvent 

52 6 

111 1 

176 5 

250 0 

333 3 

428 6 

538 5 

660 7 


0 6 

0 8 

0 8 

0 9 

0 9 

1 0 

1 1 

1 2 

22 

1 3 

1 6 

1 6 

1 8 

1 9 

2 0 

2 2 

2 3 

23 

1 9 

2 2 

2 4 

2 6 

2 8 

3 0 

3 2 

3 5 

24 

2 5 

2 9 

3 1 

3 4 

3 6 

4 0 

4 3 

4 7 

26 

3 2 

3 6 

3 8 

4 3 

4 7 

5 1 

5.5 

6 0 

26 

3 8 

4 3 

4 6 

5 1 

5 6 

6 1 

6 6 

7 2 


4 5 

5 1 

5 4 

6 0 

6 5 

7 1 

7 8 

8 5 


5 3 

5 9 

6 2 

6 9 

7 6 

8 3 

9 0 

9 8 

2^ 

! 6 0 

f) 7 

7 2 

7 8 

8 5 

9 4 

10 2 

11,1 


1 6.7 

7 4 

h 2 

8 9 

9 7 

10 5 

11 5 

12.5 
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The corrections for undercooling m determining freezing points, 
taken from Harris (0), are included here (Table 5) so that complete 
data will be available foi making determinations of bound water by 
the cryoscopic method 


Table 5 — Undercooling correction factor for freezing-point determinations 


Tenth 

degrees 

IVhole degrees 

Tenth 

degrees 

Whole degrees 

0 

1 

2 

0 

1 

2 

0 0 

0 000 

0 987 

0 975 

0 5 

0 993 

0 981 

0 968 

1 

998 

986 

973 

6 

992 

980 

967 

2 

997 

985 

972 

7 

991 

978 

966 

3 

996 

983 

971 

8 

1 990 

977 

f 965 

4 

995 

i 

982 

970 

9 

988 

976 

963 


Calculating Results 

The percentage of bound water in the liquid or solution is calculated 
b}’' a formula similar to the one given by Newton and Gortner {17) 

X per cent bound water 

A2-A1 

A 2 is the depression of the freezing point after adding sucrose 

Ai IS the depression of the freezmg point of the original solution 

Km is obtained from the difference between the two concentrations, 
correspondmg to the tw^o refractive index readings (Table 1), 
and the depression of the freezmg point of a sucrose solution 
(Table 4) 

Cis the percentage of free water in a sucrose solution of the concen- 
tration used (Table 5 ) 

Inasmuch as exactly 342 2 g of sucrose is not always used, 
will not always be 2 085° C , but some other value, depending on the 
amount of sucrose added O also will vary with the amount of sucrose 
added These values can best be obtamed from graphs of the values 
for various strengths of sucrose approxmiating molecular concentra- 
tions, given in Tables 1 and 4 and m the tabulation on p 674 

Advantages and Disadvantages of the Method 

The advantage of the modified cryoscopic method is that the 
actual laboratory procedure is shortened, although the calculations of 
the results are more complicated When only a few determinations are 
to be made, the origmal method is superior, but when many measure- 
ments are to be made, graphs of the various constants used m the 
determination can be used as an aid in calculation, and the shorter 
laboratory procedure is the more eflBcient From six to eight differ- 
ent saps or solutions can be analyzed wuth duplicate freezing-point 
depression determinations in a half day with this short method 

The disadvantage of the cryoscopic method is that it can be used 
only with liquid or semiliquid material This is particularly a dis- 
advantage when plant tissues are being studied, as the amount of 
bound water m the tissue is the most important consideration 
Furthermore, the method measures only water that is not free to 
dissolve sucrose If water held by gelatin and agar is considered as 
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Weighing method 

3 g suciose to 10 ml oiiginal sap 

Specific giavity of original sap=l 070 at 20° C 

3 g sucrose to 10 70 g sop 

10’70 g sap contain (1 00-0 151) X 10 70, or 9 084 g ^^ateI 
3 g suciose to 9 084 g watei, or 330 g suciosc to 1,000 g water 
Grams sucrose per 1,000 g solvent added =330 

Determining Depression op Freezing Point op Sucrose Solutions 

The additional depression of the freezing point of the mixture, due 
to the added sucrose, is proportional to the amount of sucrose added 
Newton and Gortner {17) used 2 085° C as the molecular depression 
foi sucrose, assuming 6 molecules of water of hydration for each mole- 
cule of sucrose (Data of Scatchard {22) ) A number of determi- 
nations were made to check this value, but the observed depressions 
were less than the calculated 

Table 4 gives the results of a series of these determinations Each 
of the observed depiessions is the average of four separate determi- 
nations on each concentration of the suciose solution The values 
calculated on the assumption that a molecular solution freezes at 
— 2 085° C are given in one column If both the observed and the 
calculated values are plotted, two parallel lines are formed, that for 
the observed depressions being about 0 037° C. lower than the other 
This difference may be due to some systematic error in all the freez- 
ing-pomt measurements, such as the purity of the sucrose used, the 
degree of undercooling, or the cahbration of the thermometer The 
values are very consistent, however, and the same procedure was used 
in making all the freezing-point measurements. These values 
accordingly have been used m this work rather than those given by 
the other authors. 


Table 4 — Cowpanson of actual determinations, of the freezing 'point of suaose 
solutions and calculated values of the same solution 


Percent- 
age of 
sugar by 
w eight 

Sucrose 
perl, 000 g 
of 

water 

Obser\ed 
depres- 
sion of 
freezing 
point 

Calcu- 
lated de- 
pression 
of freez- 
ing point 

DitTei- 

ence 

Per cent 

Granii^ 

« C 

0 

® C 

14 

162 S 

0 955 

0 992 

0 037 

10 

190 5 

1 124 

1 101 

017 

18 

219 5 

1 292 

1 337 

045 

20 

250 0 

1 485 

1 523 

038 

22 

282 1 

1 685 

1 719 

034 

25 5 

1 

342 2 

2 054 

2 085 

031 


The percentages of free water m different concentrations of sucrose 
solutions are given in the following tabulation 


200 g of sucrose per 1,000 g solvent. 
250 g of sucrose per 1,000 g solvent. 
300 g of sucrose per 1,000 g solvent. 
350 g of sucrose per 1,000 g solvent. 
400 g of sucrose per 1,000 g solvent. 


94 5 per cent of free v ater 
93 1 per cent of free vater 
91 7 per cent of free water 
90 3 per cent of free water 
90 0 per cent of free water. 


These values were calculated from the molecular weights of water 
and of sucrose and the actual freezing points of the various sucrose 
solutions as given m Table 4 
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Calibrating the Calorimeter System 

Although the actual determinations are quite simple, the work 
necessary to calibrate the system and to calculate the results is 
considerable. The factor for the calorimeter system is obtained by 
putting ice into water in the calorimeter and determining how much 
heat is necessary to melt it and raise the temperature of the resulting 
water to the equilibrium temperature of the system For a known 
weight of ice this amount of heat can be calculated from the latent 
heat of fusion of ice, 79.75 calories, and the specific heat of water. 
Any difference between the observed and the calculated values must 
be due to transfer of heat from the calorimeter system. The quotient 
of these two values gives a factor for converting the observed values 
to the true values for the material in the experiments 

A 25 g sample of the material has been used. By putting about 
25 g of water in the freezing tubes and carrying out the determina- 
tions just as was done with tissue or other material, a factor for the 
calorimeter system was determined which included any error due to 
taking up heat while transferring the material from the freezing 
chamber Table 6 gives the observed and calculated values of heat 
necessary to melt the ice and warm the water to the equilibrium of the 
system, and the corresponding factor for the system. This factor 
applies, of course, only to the system of thermos bottle, stirrer, 
thermometer, etc , used m these particular experiments 


Table 6 — Determinatton of the factor for the calon7neter system 


Ice used (grams) 

Calories 
required 
to melt 
lee and 
warm 
water to 
eqmlib- 
num 

Calories 
given up 
by 500 
cc 

water 
cooling 
to eqm- 
hbrium 

Factor 
for the 
calorim- 
eter 
system 

Ice used (grams) 

Calories 
required 
to melt 
ice and 
warm 
water to 
equilib- 
rium 

Calories 
given up 
by 500 
cc 

water 
cooling 
to eqm 
Iibnum 

Factor 
for the 
eaJonm- 
eter 
system 

23 96 

2, 768 4 
2, 481 7 
2, 779 6 
2, 719 6 
2, 736 1 
2, 787 1 
2, 710 4 

2,587 4 
2,317 7 
2,597 4 
2, 542 5 
2, 557 4 
2,612 4 
2, 542 5 

1 0700 

1 070S 

1 0701 

1 0697 

1 0699 

1 0669 

1 0660 

24 05 

2, 774. 8 
2, 613 5 
2, 793 3 
2, 778 9 

2,602 4 
2,442 6 
2,617 4 
2, 607 4 

1 0662 
1 0700 
1 0672 

1 0658 

21 40 1 

22 59 

2411 ^ 

24 22 

23 58 i 

24 10 

23 73 

Mean 



24 20 


1 0684 

23 50 ! 






Calculating Results 

The fall in temperature of the water in the calormieter multiplied 
by the specific heat of water multiplied by the volume of water and 
the factor for the calorimeter system gives the total number of calories 
required to melt the ice and warm the water and diy matter of the 
tissue up to the equilibrium temperature This heat is used in several 
ways : (1) To warm the dry matter of the tissue from its temperature 
when placed in the calorimeter to the equilibriun temperature This 
amount can be determmed from the specific heat of the material and 
the change m temperature (2) To warm the water in the tissue from 
the freezing (tha^mg) temperature of the tissue to the equilibrium 
temperature. This amount can be determined from the amount of 
water, its specific heat,and the change in temperature. The approx- 
imate freezing point of sinular tissue should be known. The determi- 
nations from (1) and (2) are added, and this sum is subtracted from 
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bound water, then this method fails to give a real measure of bound 
water, since much of the water held by those substances will dissolve 
sucrose Gortner (7) has outlined certain other objections to the 
method It probably gives minmium values for bound water. It 
presupposes, (1) that bound vrater is not changed to free water by the 
freezing process, (2) that the addition of sucrose does not alter the 
bound-free water ratio, (3)^ that none of the vrater that is firmly 
associated with the colloids is free to dissolve sucrose, (4) that there 
IS no hydrolysis of the sucrose by acids or by enzymes in the material, 
and (5) that no adsorption of sucrose by the solid matter occurs 
None of these assumptions is probably entirely correct 

THE CALORIMETER METHOD 

The calorimeter method was first introduced by Muller-Thurgau 
{14j 15) and recently has been used by Thoenes {^S) and Robinson (20) 
The method is based on the assumption that bound water does not 
freeze Since free water changes to ice and it requires 79 75 calories 
to melt each gram of ice while unfrozen water below 0^ C.^ has a 
specific heat of approximately 1 00, the amount of heat required to 
melt the mass of frozen material can be used to determine how much 
water was frozen. 

Apparatus and Technic 

The equipment necessary for determinations by this method con- 
sists of a calorimeter thermometer, a calorimeter, freezing tubes 
for the tissue or material, low-temperature thermometers, and a 
freezing cabinet or refrigerator where a temperature as low as — 25° C. 
or lower can be maintained Quart-size all-steel thermos food jars 
make excellent calorimeters for plant-tissue work 

In making determinations the material is weighed and placed m 
freezing tubes. The tubes are about 4 inches long, open at both ends, 
and about one-half inch larger in diameter at one end than at the 
other. This kind of tube is necessary in order to make a quick transfer 
of the frozen material to the calorimeter without thawing any of it, 
as IS likely to occur if the tubes aie of uniform diameter Both ends 
are closed tightly with rubber stoppers The tubes of material are 
placed m a freezing loom or cabinet at about —25° C overnight 
Before the measurements are made the tubes are taken m the hand 
and the "rozen material is thawed around the tube and pushed to the 
large end, wheie it is not m contact with the wall of the tube One 
tube has a thermometer in it. When the tubes have come to equilib- 
rium again, as indicated by the thermometer, they are taken one at a 
time and the contents quickly transferred to the water m the calorim- 
eter The volume of water and its temperature to 0 01° C are 
known The tissue and w’-ater are stirred until equilibrium is reached 
and the fall in temperature of the mixture is determined 

Any loss of heat from the calorimeter durmg the stirring is reduced 
to a mmimum by adjusting^ the temperature of the water in the 
calorimeter so that the fall in temperature will be about equal on 
either side of room temperature This range can be found out by a 
preliminary determination on similar material The material is 
sthred steadily until the fall m temperature in the bottle ceases Finely 
minced or ground material comes to equilibrium much more quickly 
than large chunks The tune required to reach equilibrium is only 
a few minutes Six to eight determinations can be made in an hour. 
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investigation, since this does not depend on the size of the sample or 
its water content Te)’\-s%£ {To^ Te) can also be shortened 

to SM (^ 0 + Te) S now is the mean specific heat of the sample and 
M is its green weight The specific heat of the green sample can not 
be determined for the entire temperature range, To+ Te, since ice will 
form below the freezing point of the material It can be determined 
with sufficient accuracy for most work by using the temperature 
range 0° C to jT^ assuming that it does not change materially 
below 0° C , or it can be calculated from the specific heat of the diy 
matter of the sample 

Thoenes (23) and Robinson (20) have simplified the formula still 
further by assuming that the specific heat of ice is 0 500 and of water 
below zero 1 000 The formula that they use is given by Gortner (7) 



Measurements by the Bureau of Standards (3) of the specific heat of 
ice, however, show that the specific heat of ice is decreasmgly lower 
than 0 500 at temperatures much below 0° C The specific heat of 
water below zero, on the other hand, increases as the temperature is 
lowered 

Table 7 gives the specific heat of water both above and below 0° C. 
and the specific heat of ice The values for ice were taken from Dick- 
inson and Osborne (3). The values for water above zero were taken 
from the Handbook of Chemistiy and Physics (10) They were 
reduced to values at 20° C , to be comparable with ice The values 
for water below zero were obtained by extending the curve of values 
from 0° to —30° as a straight line, assuming that the specific heat of 
water continues as a linear function of the temperature, as shown in 
Figure 1, no extensive data being obtainable 
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the total number of calories required The remainder (3) is the num- 
ber of calories requhed (a) to warm the unfrozen water froin its 
temperature when placed in the calorimeter to the freezing (thawing) 
point of the tissue, (6) to warm the ice from its temperature when 
placed in the calorimeter to the freezing (thawing) point of the tissue, 
and (c) to melt the ice 

The total water in the sample, the latent heat of fusion of ice (79,75 
calories), and the specific heat of water and of ice are known, ^ The 
amount of free or frozen water accordingly can be calculated by simul- 
taneous equations. Letting JY=free or frozen water, F= bound or 
unfrozen water, and W= total water in the sample, then 

.Y+F=Tr (1) 


Let C be the number of calories required to warm the ice and the 
unfrozen or bound water to the melting (thawing) point and to melt 
the ice To is the temperature of the material at the time it was 
placed in the calorimeter, and ?a is the freezing point of similar mate- 
rial Let SI be the mean specific heat of ice, and let SBW be the 
mean specific heat of unfrozen or bound water Then 

C^X [79 7b + SI {To- TA]-hY [SBW{To-TA] (2) 

Combining equations (1) and (2) and equating to X, 


^ SBWiT,-n) 

79 75 + SI{To-T^) , 

SBW{T,-T^) ^ 

or simplifying, 

C- W[SBW {To- TA] (3) 

^ 79 75-[To-Ts {SBW-SI)] 

Now, 

FNS {T- Te) - [SW{T^ + Te) + «M(T, + T,)] (4) 


where F is the factor for the calorimeter system, N is the amount of 
water iised in it (500 ml in this work), S is the mean specific heat of 
watei for the temperature range indicated, T is the temperature of 
the water in the calorimeter before the sample was placed in it, is 
the temperature in the calorimeter at equilibrium after the sample was 
introduced, s is the mean specific heat of the dry matter of the sample 
for the temperature range indicated, M is the amount of dry matter 
in the sample 

By combining equations (3) and (4) the complete formula becomes 


FNS {T- Te) - [SW{ToA Te)^sM{To + T,)] 

79 75-[r,-rA(ASBTr-S7)] 

Bound water ^W—X. 


The individual calculations can be shortened somewhat by solving 
the denominator of the fraction for all values of To — 7a used in the 
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Apparatus and Technic 

The determinations are carried out in flasks with long, narrow, 
graduated necks, called dilatometers The dilatometers are im- 
mersed in freezing mixtures of any desired temperatoe The ma- 
terial is covered with petroleum ether, wliich is immiscible with 
water. The expansion is obtained as freezing or cooling occurs by 
noting the change in the meniscus of the petroleum ether in the 
narrow neck 

No regular dilatometers were available, and cream-test bottles 
were used instead. They are suitable for most substances, but 
fillmg them with solid material is tedious. The material must be in 
small pieces to go through the narrow neck of the flask. They have 
one advantage over the form of dilatometer used by Bouyoucos (i), 
however, in that they are not hard to seal, having only one opening. 
The neck is graduated to 0 05 ml, and readings can be estimated to 
001 ml A25+g sample of liquid material can be used in them 
very well 

The sample is introduced into the bottle, covered with petroleum 
ether, and the whole cooled in a freezing mixture to any desired 
temperature The expansion due to ice formation gives the amount 
of water that freezes at this temperature Bouyoucos {1) super- 
cooled his soil samples to —1,5° and — 4° C and took the volume of 
the expansion at these temperatures Rosa (21) made determinations 
at —3°, —4°, —5°, and —6° Foote and Saxton (6, 6) made read- 
ings on their dilatometers at a series of temperatures ranging from 
0°to-30° 

Bouyoucos (1) considered the water in soils that froze at — 1 5° C 
as free water, and that which froze at —4° as capillary adsorbed 
water, and that unfrozen at —4° as combined water. Foote and 
Saxton (f5, 6) could find no temperature where the difiFerent forms of 
water could be sharply separated They expressed their results as 
curves and show that the amount of water that freezes increases 
as the temperature is lowered m some cases, wlnle in others it is 
all frozen at a quite definite pomt They further show that, after 
the water in some substances is frozen, the temperature may be 
raised to a point above which freezing occurred when cooling the 
material, without melting any of the ice This means that ice may 
be superheated. 

Procedure 

The general procedure used is similar to that of other workers 
who have employed the dilatometer method, except that the order 
of taking the readings on the dilatometer was reversed The ma- 
terial was placed m the dilatometer and frozen solid overnight, and 
the petroleum ether was then added A series of readmgs on the 
volume of the material in the dilatometer as the temperature was 
changed was made, after which the material was allowed to melt and 
another series of readings was made on the volimie as the temper- 
ature was changed This procedure was necessary to prevent 
breaking the dilatometers, wliich were placed in a temperature cabinet 
and could not be shaken or stirred as freezing occurred When the 
ether was added before freezing, ice formed first between the ether 
and the material, preventing expansion as freezing progressed, and 
the bottles were usually broken 
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Table 7 — Speafic heat of waiei and of ice 
[Calorie «;20 per giam per degree] 


Temperature 

(°C) 

Water 

below 

mo 

Ice 

Water 

abo\e 

?ero 

Ternpeialuie 

CO 

Water 

below 

?eio 

Ice 


0 

1 010 

0 506 

1 010 

16 - 

1 {)2t» 

0 176 

1 001 

1 

1 on 

504 

1 009 

17— 

1 1)27 

174 

1 001 

9 

1 012 

502 

1 008 

18 

1 028 

472 

1 000 

3 . - _ 

1 013 

500 

1 008 

19 

1 029 

470 

1 000 

4 

1 014 

498 

1 007 

20. 

1 030 

108 

1 000 

5 

1 015 

496 

1 006 

21 

1 on 

407 

1 000 

6 

1 Olf) 

495 

1 005 

22 

1 032 

405 

1 000 


1 017 

493 

1 005 

23._ 

1 033 

463 

999 

8 

1 018 

491 

1 004 

24- 

1 034 

401 

999 

9 

1 019 

489 

1 004 

25 

1 035 

459 

999 

10 

1 020 

487 

1 003 

26 - - 

1 03() 

457 

999 

11 

1 021 

485 

1 003 

27 

1 037 

455 

999 

12 

1 022 

483 

1 002 

28 

1 038 

454 

999 

13 

1 023 

481 

1 002 

29 

1 039 

452 

999 

14 

1 024 

480 

1 002 

30 

1 040 

450 

999 

15., - 

1 025 

478 

1 001 






Advantages and Disadvantages op the Method 

The calorimeter method of determining bound water has been very 
satisfactory It has certain advantages m ease of technic, and it can 
be used for any kind of material, whether liquid, semiliquid, or solid 
For these reasons it appears to be the best method so far suggested 
for measuring bound water in plant tissues It measures water that 
does not freeze at the temperature to which it is exposed 
^ The calorimeter method is open to only one of the several objec- 
tions that were listed under the disadvantages of the cryoscopic 
method, namely, the assumption that the bound water-free water 
ratio may not shift during the freezing process. In substances with 
no material m true solution most of the water is frozen at a few de- 
grees below zero and a lower temperature does not crystallize any more 
of it But where there is considerable material in true solution, as 
in plant tissues, more ice may separate as the temperature is lowered 
For this reason all reported measurements of bound water m plant 
tissues or plant saps by this method should include a statement 
of the temperature at which the material was frozen, and com- 
parisons should be made only between materials frozen at the same 
temperature. 

THE DILATOMETER METHOD 

The dilatometer method has been used to determine the amount 
of water that will freeze m certain systems at certain tempera tuies. 
Foote and Saxton (J, 6) used this method m determining water held 
in lampblack, silica, ferric oxide, and alumina Bouyoucos (/) de- 
termined free and unfree water in soils by this method. McCool 
and Miller (iJf) and Rosa (21) used it in determining the amount of 
water in plant tissues which would not freeze at certain temperatures. 
The principle involved m the method is the expansion that occurs 
when water changes to ice This expansion is about one-tenth the 
volume of the water that changes to ice, and from it the amount of 
water that freezes can be determmed Bound water is found by 
difference from total water. 
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COMPARISON OF THE THREE METHODS OF MEASURING BOUND 

WATER 

In order to compare these three methods, measurements of bound 
water by each method were made on exactly similar material Gum 
arable was chosen as material because it was the substance originally 
used by Newton and Gortner {17) and because a large supply could 
readily be obtained All measurements m this comparison were 
made on the same lot of gum arable, which was ground and thoroughly 
mixed to insure a uniform sample It was originally intended to 
check all methods on several different materials, but this was found 
impossible because of lack of time. The results recently published by 



Newton and Martin {18) on the bound-water content of different 
substances by the cryoscopic method would suggest that some very 
interestmg results might be obtamed if the materials that they used 
were checked by several methods 

Experience soon showed that aU measurements would have to be 
made as soon as possible after the solution was prepared and all on the 
same solution, as changes occur as the solutions stand and two solu- 
tions apparently made up in the same way may not have the same 
bound-water content. After a considerable number of preliminary 
experiments, a saturated solution (18 6 per cent) of gum arable was 
prepared, and the values for bound water in Table 8 were all obtained 
on this solution 
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Calibrating the Dilatometer 

Each dilatometer must be calibrated separately, since the glass in 
each is of different thickness and all do not have the same volume 
The graduations on the neck are standard and uniform The factor 
obtained represents the expansion due to ice formation and any other 
changes in volume of the glass vessel due to temperature changes, 
and thus the values are usually higher than if they were due to ice 
formation alone Since the factor obtained from the calibration 
may vary with the rate and temperature at which the ice formed, it 
is essential that they be used at the same temperature, etc , as those 
for which they are calibrated. 

In calibrating the dilatometers, 25 ml of water was placed in the 
dilatometer and frozen solid overnight in the freezing cabinet at 
— 25^ C The dilatometers were filled with petroleum ether up to the 
top graduation on the neck and corked After temperature equi- 
librium was reached the position of the meniscus in the graduated 
neck was recorded The temperature of the cabinet was changed by 
about 5° intervals, and after temperature equilibrium had been 
reached, in two or three hours, the memscus was agam read A 
series of such readings was obtamed at intervals until the material 
was at a temperature at which it melted After all the material had 
melted another series of readings was made at 0° and at intervals of 
about 5^^ up to room temperature When the data were plotted two 
lines were obtamed One of these represented the change in volume 
of the unfrozen material and the other the change in volume of the 
frozen material, with changes in temperature The distance between 
the two lines, which are usually straight and parallel, is the expansion 
in milliliters due to ice formation of the 25 ml of water. A graphic 
solution of the factor for one of the dilatometers is given m Figure 2. 

In the determination of bound water in samples of various materials 
the procedure was the same as in determining the factor with water 
for the dilatometers The change m volume then was corrected for 
the dilatometer used m accordance with the factor for it which had 
been determined ^ Thus it is essential that all determinations on 
bound water in different samples be carried out under the same condi- 
tions under which the dilatometeis were calibrated. 

Advantages and Disadvantages of the Method 

^ This method can be used to measure bound water in almost any 
kind of material, either liquid or solid. With the cream-test bottles 
used as dilatometers, the method is practically restricted to liquid 
or semiliquid material, because of the small neck of the flask The 
method is simple and accurate and involves no complicated calculation 
as do the other two methods, since results can be obtained by graphic 
solution. It is free from eriors when properly used. The oSy pre- 
cautions necessary are to see that the dilatometers are tightly stop- 
pered to prevent evaporation of the petroleum ether, and to be certain 
that all the^ air is removed from the material before the readmgs are 
made, ^ This latter is very diflacult with plant tissue, especially meso- 
phyll tissue containing intercellular spaces. One decided advantage 
of the method is that the amount of water that changes to ice at each 
temperature can be obtained It measures water that will not freeze 
at different temperatures. 
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by that method Thus, a series of determinations of bound water in 
samples of corn tissue had a standard deviation of only 0 81, or some 
4 2 per cent of the indicated bound-water content 

An attempt was made to check the three methods on expressed sap 
from corn leaf tissue The percentage of bound water by the calorim- 
eter method was 14 8 per cent, by the dilatometer method 12 7 per 
cent, and by the cryoscopic method 5 8 per cent All three methods 
were used on the same sample of expressed sap The results by the 
calorimeter method and by the dilatometer method are in reasonably 
good agreement, but the results by the ciyoscopic method are not 
The cryoscopic method was very good for "determming bound water 
in gum arable solution It has also been used with apparent success 
by other workers, Meyer (J.3) and Newton and Martin (J.8), on many 
different plant saps and other materials However, as previousl 3 ^ 
stated, it failed to give reliable results with expressed sap from corn 
tissue. 

Since the cryoscopic method does not always give reliable results, 
determinations of bound water should be checked by different methods 
whenever possible 

If all three methods were equally accurate, the calorimeter method 
would appaiently be the more useful, since it is easy to use with any 
type of material The bound-water contents of a number of different 
substances detennined by the calorimeter method are given in Table 
9 as an illustration 


Table 9 — Total watery free water j and hound water content of differerit materials ^ 
determined by the calorimeter method 


Material 

1 

1 

Date 

Total 

water 

i 1 

1 

Free 

water 

Bound 

water 

Bound water per 

100 g 

solid 

Tem- 
pera- 
ture at 
\which 
ma- 
ter’ al 
was 
frozen 

Tem- 
pera- 
ture at 
which 
ma- 
terial 
w'as 
deter- 
mined 

Treatment 

1 of tissue 


1930 

Per cent 

Grams 

Grams 

Per Cl nt i 

Grams 

® c 

“ a 


Buckeye twigs 

Feb 28 i 

m 0 

2b 2 

29 8 

53 2 1 

67 8 

-23 0 

-4 5 

Shavings 

Bueke\e buds 

...do 

M 0 

24 5 

29 5 

54 b 1 

64 2 

-23 0 

-4 0 

Whole 

Maple twigs 

Mar 4 

44 0 

20 4 

23 b 

53 6 { 

42 2 

-24 0 

—5 5 

Shavmgs 

Pine needles... ! 

IVIar () 

56 0 

40 7 

15 3 

27 3 ' 

34 8 

-23 0 

-11 5 

Ground 

Do 

...do.--- 

66 0 

41 2 

14 8 

26 4 ' 

33 7 

-23 0 

-11 0 

[ Minced 

Do-- - 

do. 

42 0 

23 1 

18 9 

45 0 1 

32 6 

-23 0 

-11 0 

i Press cake 

Do i 

Apr 1 

66 8 

40 8 

16 0 

1 28 2 1 

37 0 

-22 0 

-20 0 

i Minced 

Do 1 

.. do 

56 8 

38 9 

19 9 

i 35 0 

46 1 

-12 0 

-10 0 

i Do 

Carbon 

Mar 27 

1 60 0 

2S 2 

21 2 

42 4 

42 4 

-23 0 

-3 0 


Filtei paper 1 

...do 

' 73 0 

61 6 

11 4 

15 6 

42 5 

-23 0 

-4 2 


Starch paste 1 

...do 

98 5 

94 4 

4 1 

^ 4 2 

27 3 

-23 0 

-2 5 


Corn blade ) 

Aug 12 

72 2 

56 6 

15 6 

21 b 

56 1 

-25 0 

-25.0 

Do 

Do 

...do 

72 2 

56 8 

15 4 

21 3 1 

55 4 

-25 0 

-25 0 

Ground 

Corn sheath 

...do 

78 3 

67 9 

iC 4 

13 3 

47 9 

-25 0 

-25 0 

Do 

Corn stem (upper) 

...do 

78 3 

69 5 

8 8 

11 2 

40 5 

-25 0 

-25 0 

Do 

Corn stem (middle) _ _ . 

...do 

80 0 

73 8 

6 2 

7 8 

31 0 ‘ 

-25 0 

-25 0 

Do 

Corn stem (low^er) 

..do 

80 9 

74 5 

6 4 

7 9 

33 5 

-25 0 

-25 0 

Do 


To all three methods the objection may be made that they measure 
bound water at or near the freezing point Smee boimd water is in 
equilibrium with the free water of the system, and this equilibrium 
may be changed by temperature, they do not give a true measure of 
the bound 'water present at ordina^ temperatures. This objection 
is not serious when bound water is considered in relation to cold 

118130—32 2 
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Table 8 — Companson of the three methods of measuring bound water in an 18 6 
per cent gum arahic solution 

CRYOSCOPIG METHOD 


Sucrose added 

Km 

C 

As 

Bound 

water 

260 8 - - 

® C 

1 552 I 

Per cent 

1 92 9 

1 827 

Per cent 

10 84 

403 9 - 

2 431 

88 9 

3 018 

15 59 

305 5 - 

1 830 

91 6 

2 182 

12 23 

267 2 - 

1 592 

92 6 

1 922 

13 00 

289 0 

1 728 

92 0 

2 035 

11 10 

309 2 

1 852 

91 5 

2 173 

10 92 


Ai=0 070® C 



t 

N 

<r 

P 

[ean= 12 28 
= 1 83 
Em =±0 50 


CALORIMETER METHOD 



T 

T, 

PNS(T-Te) 

SWiTo-TO 

sMiTo-T,) 

79 75- To- 
TAiSBWSI) 

Bound 

water 

°C 

° C 

® C 

Calories 

Calories 

Calories 

Calories 

Per cent 

-4 0 

27 32 

23 36 

2113 32 

578 87 

74 33 

77 7610 

10 59 

-3 S 

27 92 

1 23 98 

2102 64 

587 76 

75 47 

77 8630 

11 97 

-3 5 

27 24 

' 23 40 

2049 28 

569 14 

73 08 

78 0194 

14 12 

-3 4 

27 54 

i 23 60 

2102 64 

571 25 

73 35 

78 0703 

11 07 

-3 3 

27 20 

1 23 36 

2049 28 

564 06 

72 43 

78 1244 

13 87 

-3 2 

28 54 

1 24 70 

1 1 

2049 28 

591 14 

75 91 

78 1752 

15 80 


F^l 0684, iY=.500 ml, s«0 566 cal , 00 g, m«4 80 g, T^^O 10® C Mean = 12 90 

0 - « 2 02 
PEni =±0 56 


DILATOMETER METHOD 


Dilatometer No 

Expansion 
25 ml wa- 
ter on freez- 
mg 

Factor 

Expansion 
25 ml gum 
arable® on 
freezing 

Bound 

water 

1 

Ml i 

2 47 

0 0988 

Ml 

1 82 

Per cent 

33 11 
9 17 

2 

2 35 

0940 

1 81 

? i 

2 42 

0968 

1 81 

11 80 

- - ■ 

2 42 1 

0968 

1 82 

11 32 

5 

2 50 

1000 

1 83 

13 68 

b 

2 47 

.0988 

1 81 

13 59 



Mean = 12 11 
<r = 1 74 

PEm *±0 48 


« 25 ml gum arable, sp gr 1 042, contained 21 20 g of w ater anti 4 &5 g of gum 

The mean values for bound water as determined by the three 
methods are in excellent agreement The maximum difference is 
0 79 ± 0 74 per cent of bound water for the calorimeter and ddatom- 
eter methods. This is only about 6 5 per cent of the total bound 
water as measured by the dilatometer method and is without statis- 
tical significance in view of its probable error The variability, as 
measured by the standard deviation ((r), also was essentially the same 
for the three methods m these experiments. Too much reliability 
should not be placed on these values, however, as they were obtained 
from only six measurements Refinements m the technic of the 
calorimeter method have been made since this comparison was fin- 
ished. These have reduced the variation in repeated determinations 
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lesistance, since the bound-water content near freezing temperatures 
IS the item wanted, but in studying drought resistance this objection 
might be a serious one 

SUMMARY 

No satisfactory definition of bound water can be made All water 
that is not free water, that is, that does not show some of the common 
properties of liquid water, may be considered as bound water. In the 
methods of determining bound water, free water is measured and 
bound water is found by difference This paper presents the results 
of a study of three methods of measuring bound water in plant tissue, 
namely, the cryoscopic method, the calorimeter method, and the 
dilatometer method 

The theory involved in the cryoscopic method is the assumption 
that bound water is not free to dissolve sucrose. A determination of 
the increased depression of the freezmg point of the material after 
sucrose is dissolved in it will indicate whether or not all the water 
present is free for the solution of sucrose The chief disadvantage of 
the cryoscopic method is that it can be used only for liquid or semi- 
liquid material It is open to several^ other objections, the most 
important of which is that the addition of sucrose in molecular 
concentration to the material may change the bound-free water equi- 
librium or that the sucrose may be hydrolyzed or adsorbed by the 
material 

The theory involved in the calorimeter method is the assumption 
that bound water does not freeze ^ In this method the amount of 
water that changes to ice is determined by measuring the amount of 
heat necessary to thaw the frozen material. Owing to the great differ- 
ence between the latent heat of fusion of ice and the specific heat of 
water, rather small quantities of ice can be measured This method 
can be used on any kind of material, whether liquid, semiliquid, or 
solid. 

The theory involved in the dilatometer method is also the assump- 
tion that bound water does not freeze In this method the expansion 
of the material as freezing occurs is used to determine how much of 
the water changes to ice This method can also be used on any kind 
of material, but great care is necessary to be sure that all air is re- 
moved from the material before it is frozen. Both the calorimeter 
and the dilatometer methods are open to the objection that the 
bound-free water equilibrium may be changed by the freezing of the 
material at the low temperature used 

The calorimeter method is recommended for the measurement of 
bound water in practically all materials, since it is easy, rapid, ac- 
curate, and reliable Whenever possible, however, determinations 
should be made on the material by each of the several methods, 
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ELSINOE ON APPLE AND PEAR^ 

By Anna E Jenkins 

Associate Pathologist, Division of Mycology and Disease Suivey, Bureau of Plan 
Industry, United States Department of Agriculture 

INTRODUCTION 

This paper deals with the morphology and taxonomy as well as 
the history and distiibution of Plectodiscella pin {55)^^ which causes 
an anthracnose ol considerable importance, affecting apple {Malus 
sylvestns Mill ) and pear (Pyrus communis L.) Reference is made 
also to Sphaceloma, that is, the comdial stage of Plectodiscella, on 
other plants besides those named, most of which have not heretofore 
been leported as attacked by this group of fungi Plectodiscella is 
shown to be a synonym of Elsmoe. 

HISTORICAL REVIEW 

The history of Plectodiscella pm as then known was reviewed by 
Jenkins and Horsfall (31) m 1929, and the Sphaceloma or comdial 
stage of the organism reported This was recognized on the basis of 
conidia on leaves of apple and pear from Transcaucasia,® part of the 
collection on which the perfect stage of the fungus was discovered, and 
on conidia in a theretofore unidentified culture isolated by Osterwalder 
(SS) from a fruit spot on Jonathan apple grown in Switzerland He 
diagnosed the disease as Jonathan spot, which is ordinarilv considered 
to be nonpathogemc A publication of Zschokke (57) in which he 
mentioned the occurrence of the disease on Jonathan apple, as referred 
to by Osterwalder (38) j was not available to Jenkins and Horsfall in 
1929 Now at hand, however, it reveals that not only the Jonathan 
variety (pi 1 , A) , but several others there illustrated show dark lesions 
which appear to be those of the Plectodiscella disease 

In the past two veais the wuiter has diagnosed the anthracnose 
on fresh apples mtercepted m transit^ from Ireland (fig 1), Italy, 
Switzerland, and Hungary, and also on apples imported from Portu- 
gal In each case isolations of the pathogene have been made 
The apples from Ireland and Italy have been referred to in earlier 
publications (38, 52), those from Portugal, of the variety Reneta, 
were secured through the courtesy of Mathilde Bensaude, of the 
Instituto Rocho Cabral, Lisbon So far as the writer knows, this 
fungus has not been found in North America 

-Although records are not available it is believed that Plectodiscella 
p%ri mfects the twigs of apple and pear as well as the leaves and fruits 
The larger lesions on the apple fruit shown in Figure 1 were brownish or 


1 Received for publication Dec 8, 1931, issued May, 1932 

2 Reference is made by number (italic) to Literature Cited, p 697 

3 Russia, Transcaucasia, near Sotschi, Aug 28, 1913 N N Woronicbin E\ Herbarium, Institute of 
Mycology and Phytopathology, Leningrad, USSR Contributed by N N. Woronichin and A 
J acze wsk i 

4 Intercepted by port inspectors of the Plant Quarantme and Control Administration, m passengers’ 
baggage and in mail 
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FEOAI VAPOR-PRESSURE MEASUREMENTS JOlU Alliei Cliem 

Soc 43 2406-2418, illus 
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1925 UNTERSUCHUNGEN ZUR PR AGE DER WASSERBINDUNG IN KOLLOIDEN 
UND TiERiscHEN GEWEBEN Biocheiii Ztsclir 157 [174]-186 




Elsinoe on 


A, Part of Jonathan apple fruit illustrated by Zschokke, sho\Mng lesions apparently of apple and 
pear antnraenose (X 1), B, a and b, general appearance of anthiaenose lesions on upper surface 
of apple leaves (X l), C and D, sections of eonidial fructifications on upper surface of apple 
Iea\es (x 380) Material (B-D) from Woronichm, Transcaucasia, Russia, in 1913 Ex Herb 
inst Mycol and Ph'stopath Leningrad Photogiaphs (A, C, and D) b^ J F Brewer and 
(B) b> W R Fisher 
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■ 5 \"hitish at the center sui rounded by carmine^ or jasper red, while those 
on the other fruits examined w’ere'^mostly madder brown or chestnut. 

MORPHOLOGY 

Plates IjB, a and 6, and 2, A, show Plectodiscella pin on apple and 
pear leaves from Transcaucasia,® on which conidia were found by 
Jenkins and Horsfall (SI), and Plate 3, A and B, those of the fungus 
on pear leaves fiom Italy Although conidia were not abundant on 
the Transcaucasian material, they practically covered the acervuli 
examined on the Italian specimens ^ (PI 3, C and D ) In all cases the 
conidia seen have been of the various shapes, sizes, and colorations 


PiGUBE 1 —Apple fruit from Ireland affected by anthracnobe Slightly enlarged Photograph 

by J F Brewer 

of those described foi; tliis fungus as referred to later in this paper 
(Pp. 4, 5 ) In addition, on one of the Italian specimens there was 
seen a 3-cell elongate colored body interpreted as possibly a greatly 
swollen conidium of this fungus Hyaline conidia of the type illus- 
trated in Plate 3, E and F, some of which were biguttulate, were 
produced in great abundance within an 18-hour period, when small 
masses of a young culture on potato-dextrose agar were transplanted 
to a corn-meal poured plate to which a few drops of sterile water 


5 Color reading by J Marion Shull based on the foUowmg publication Eibg’vv ay, R color st \.ndards 
AND COLOR NOMENCLATURE 43 p , illus Washington, D C 1912 

8 Op cit (See footnote 3 ) 

? Bbiosi, G , and Cayaba, F i funghi parassiti delle punte colti\ ate od utili Fasc 11, No 
274 Pavia, 1896 This material, labeled ** Hadrotricham popuh Sacc /’s consists of three specimens for 
whi®|i the followmg data are given Estate 1894— Sul Pero— Avellino— D Peglion, id 1891— id — Orto 
botedoo di Pavia, id 1890— Sul Melo— id id " 

8 Tl|is species was originally described on black poplar (Populus mgra L ) as doubtfully of the genus 
Hadratrichum, and the binomial was therefore written as H ^ popuh p 26 A) As in this instance, 
wh^sre the question mark has been dropped from this name in literature cited, it is also omitted m the 
present paper. 
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Plectodihcella vtn A-D, On pear leaves from Italj, identified b> Briosi and Cavara as Hadro- 
trichum popuk Sacc and distributed bj them as No 274, i punghi parassiti delle plants 
COLTIVATEOD UTiLi Fasc 11 Pavia, 1896 One of these leaf specimens of the fungus was 
collected at Avellino m 1891 b\ Peglion and is typical of his Gloeospormm pinnum, the othw 
^^as collected in 1891, at Pavia A, Upper leaf surface (X 1), B, lower leaf smface (X 1), C 
and D, sections of acervuli on lesions on upper surface of A and of B, respectively (X dSO) 
Photographs by J F Brewer E, On pear leaves, as illustrated b> Ferraris (19, fig 174,1), 
undei the name of Hadrotnchum populi F, On apple leaves, as illustrated by Maublane (35, 
Figs XIII and XIV), under the name of Melanobastdtum mah 



Upp^er surface of pear leaves infected by Plectodmella pin A, General appearance of lesions 
’ B (enlargement of A, a), fructifications of both stages of the fungus (X 22) C~E 
beckons through fructifications represented in B, C, a, an acervulus, D and E asconiala’ 

«• EXepith’eciUi or ferk stSmal 
Xw^n Ptete?, pffig?&s Cj p’B«we“r 
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had been added Some comdia were already present in the culture 
from which the transfers were made Granular masses in some sec- 
tions of lesions on apple fruits were interpreted as possibly consisting 
of microconidia 

Plates 1, C and D, and 2, C, u, represent the conidial stage of the 
fungus; Plate 2, D, both the conidial stage (a) and the perfect stage (b) ; 
and Plate 2, E, only the perfect stage. Woronichin’s {55, Jig 3, and 
pi. 1 yjig 1 ) illustrations of dark hyphae at the apex of a young pustule 
of this fungus, as well as of converging hyphae at the center of another 
pustule on the same material, are interpreted by the present writer 
as comdiophores of Plectodiscella pin. These structures, however, 
together with such dark hyphae or stroma covering the ascoma as are 
here shown in Plate 2, E, b, are termed by Woroniclun (55) the 
‘‘epithecium’^ or “shield ” The dark hyphae or stroma are believed 
to have formed entirely or almost entirely within the epidermis, as is 
illustrated for a closely related fungus on Lima bean {Phaseolus 
lunatus macrocarpus Benth ), tentatively identified as Elsinoe cana- 
vahae Rac. {SO, pi 4, 0, c, and pi 5, D and K, b) The Elsinoe 
structure illustrated in Plate 2, C, a, of the paper just cited seems to 
be a development homologous to what Woroniclun {55, pi. l,jig 6) 
descnbed in Plectodiscella piri as a small, cup-shaped, almost super- 
ficial ascoma practically inclosed in a coat of brown cells In both 
instances the darkening of the hyphae is possibly due to oxidation 
following exposure, or, as explained by Woronichin {55) in the case of 
the apple and pear fungus, to the pronounced isolation of the ascoma 
from the substratum. 

It seems that since his report of the perfect stage of Plectodiscella 
pin, Woronichin {56, p. 221) has identified its comdial stage as 
Hadrotnchum pirinum (Pegl ) Sacc., which, as will be explained later, 
actually represents the comdial stage of this ascomycete This iden- 
tification by Woromchin was made in reporting a leaf spot on pear 
growing in a Caucasian nursery His description of the lesions and 
of the disposition of pustules of the pathogene thereon is essentially 
the same as that given in connection with his {55) description of the 
perfect stage, i. e , Plectodiscella piri. The conidia are described as 
to 5ju m diameter {56, p 221). 

TAXONOMY 

As stated earher in this paper, Jenkins and Horsf all's {31) discovery 
of the imperfect stage of Plectodiscella piri was based upon comdia 
produced in a subculture of an isolation by Osterwalder and upon 
those found on the specimens from Transcaucasia on which Woronichin 
{55) had discovered the perfect stage The recent finding of a 
Sphaceloma on an apple fruit from Italy {28) at once suggested that 
the fungus had long been known to Italian mycologists. The cer- 
tainty of this is now established through the specimens from Italy 
identified by Briosi and Cavara as Hadrotnchum populi Sacc.® The 
fungus is here unquestionably of the genus Sphaceloma, and a com- 
parison of it with typical material of Plectodiscella piri shows that 


» Op cit (See footnote 7 ) 
10 Op cit (See footnote 3 ) 
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Cette esp^ce est nettement parasite sur les feuilles du Pommier, ou elle forme 
de petites taches blanches, bordees dhine marge subdrisee Je n’ai pas de ren- 
seignemcnts sur I’extension de ce champignon et les spores de Tunique echantillon 
legu n’ont pas germe 

HaDROTRICHUM PIRI 

Acervulis piintifoimibus, atris, m maculis foliarum dealbatis, epiphyllis, sub- 
superficialibus strato proligeio subeuticolare, e cellulis oblongis dense stipatis 
fuligineis conflato, conidiis globoso-ovoidies (4-5X4^), olivaceo-fuligmeis 

Hab In foliis vivis Pin communis^ Montubeccaria (prov Pavia) 

A few years before Peglion {S9, p 6) described Gloeosponum 
pxrinum^ Cavara (i7, p 184 )^ reporting the occurrence of Hadro- 
tnchum popuh on Populus mgra L in Lombardy, Italy, stated that 
a closely allied form affects ^‘Rosa esp cult and ‘‘Rubus conJohusP 
He (18j p 282) later asserted that tins Hadro tnchum species affects 
'‘Kosa, Rubus, Sorbus'^ and ^^Pyius '' At about the same time 
Briosi reported in Italy Hadrotrichum sp on wild rose (7, p xdui), 
and H popuh (8, p xxx) and H popuh forma del pero” {9, p xxm) 
on pear He continued to refer to the pear fungus either as H po- 
puli (lOj p 298, 12, p 663; 14) p 70) or as Gloeosponum pirinum 
{IS, p 365) He also reported H popuh on rose inMeaux, France 
{10, p SIS), and on maple {Acer negundo L ) {11, p 641) in Italy. 
Ferraris {20, p 875) included European mountain ash {Pyrus 
aucupana Ehrh ) among the hosts for H. popuh var pin. 

Even as late as 1920 Montemartmi {36, p 122) was apparently 
unaware of the nomenclatoiial status of his Hadrotnchum pin, for, 
citing only Cavara {18), he recogmzed this binomial and Gloeosponum 
pirinum as synonyms of H popuh At the same time he reported 
what he interpreted to be this fungus on pomegranate {Punica 
granatum L ) growing at Montubeccana, Pavia, the type locality for 
H piri 

More recently , Borg (5, 2? 2S8-239) andMarchioriiitto {3S, p 10-11) 
have reported Gloeosporium pirinum on pear in the island of Malta 
and in Argentina, South America, respectively; while in the Crimea, 
Russia, Garbowski {21, p. 25 5-256) h^^ideiitifiedHadrotrichum popuh 
on apple, pear, plum {Prunus domestica L ), poplar {Populus mgra), 
and white beamtree {Sorbus ana Crantz), and, as previously noted, 
in the latter country Woromchin (5^, p has reported i? pmnum 
on pear in the Caucasus and Plectodxscella piri on both apple and pear 
in Transcaucasia {55) 

Garbowski {21, p 256) stated that in the Crimea 
popuh causes considerable damage to fruit trees, particularly apple, 
he observed it on both leaves and fruits of several different varieties 
He described the fruit spot as circular, with a whitish central part, 
and a reddish-brown border Reaching a centimeter in diameter, the 
whitish area was dotted with the dark pustules of the fungus, which 
had ruptured the dead epidermis. He noted also the close resem- 
blance of the fruit spot to that caused by Phoma pomorum Thuem., 
and stated that it is probable that mfection due to the Hadrotrichum 
is often ascribed to this fungus. 

Specimens of the so-called Hadrotrichum on apple leaves from the 
Crimea, as weU as of Gloeosporium pirinum on pear from Argentina, 
recently received through the courtesy of Garbowski and Marchio- 
natto, respectively, are of the same general appearance as those of 
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It IS this species The Italian material represents the fungus on 
pear leaves from Avellmo and Pavia (pi 3, A-D) and on an apple leaf 
from Pavia That on the leaf from xivellino is from the collection of 
Gloeosponum pinnvm on which Peglion (89) based his description of 
that fungus 

The disease caused hx Gloeosponum pinnum was termed “pear 
anthracnose” by Peglion (39, ^0, p 267), and this name was later 
employed by Briosi (13, p 365, 14, p 70) in reporting the disease on 
pear In the present paper the disease is referred to as anthracnose 
of both apple and pear Peglion (39, 40, p 268) observed the simi- 
larity of the leaf lesions produced by this disease to those of grape 
anthracnose on leaves of grape (Vitis) He (39, 40, p* 268) made some 
notations on the susceptibility of pear varieties to infection by 
Gloeosponum pinnum Eecently he has ivritten that this fungus is 
common m the region of Bologna, where he is now located 

Saccardo ( 44 ) P 136), in 1915, reporting the fungus on this host in 
France, made the new combination Hadrotnchum pinnum (Pegl ), 
foi w^hich he gave the synonyms Gloeosponum pinnum Pegl (39, 
p 4), Hadrotnchum pin Alontem (35, p 226), and H popuh Sacc 
var pm (Montem ) Ferr (19, p 875) On the basis of Maublanc's 
technical description (34, p 70) and illustrations (34, jigs nil and xiv) 
of Melanobasidium mail Maub and an examination of a fragment 
of the specimen on which the description is based, this fungus is 
here identified as the same as Gloeosporium pinnum, or Pleciodiscella 
pm. 

The reports of Hadiotnchum pinnum from France and of Melano- 
basidium mall from Spam constitute the only records at hand of 
Pleciodiscella pin in these countries Reference to its occurrence 
in Portugal wras made in the historical section of this paper 

The illustrations of this fungus by Ferraris (20, jig 174, I), under 
the name of Hadrotnchum popuh, ''and by Maublanc (34, jigs xiii 
and xiv), under that of Melanobasidium mah, are reproduced in Plate 
3, E and F, respectively, wrhile the original technical descriptions of 
Gloeosponum pirinum, Hadrotnchum pm, Melanobasidium, and M 
mail, typifying this genus, follow* 


Gloeosporium pirinum Pegl 

Maciilis mitio puuctiformibus, rubro-cincti^, indc effusis, lotiindis, baepe 
confluentibus, ad centrum griseis, vel sordide biuiineis amphigenis, acervulis 
imnutis 150-300^ diaiii erunipentibus, olivaceo-chlonnis, coiudus ovatis vel 
siibcylmdraceis, contmuis, eguttulatis, 6-4, hyalmis, basidus bacillaubus, 20-25 
X4, minute granulosis hyahnis vel dilute fumosis 
Hab. in foliis Pin coininunis prope Avellmo — It austr — Vere 1894 


Melanobasidium nov gen (Tuberculariees Dematiees). 

Foliicolum, maculieolum; sporodochia minima, erumpentia, atra, ex hyphis 
ramosis, septatis, iiitncatis composita, sporophoris cylindricis, densis, septatis, 
concolonbus vestita; conidia soiitaria, acrogena, ovofdea, liyalina 


Melanobasidium mali nov sp. 

Maculis albidis, ovoideis vel elongatis, margine brunnea, angusta cinctis, 
epiphyllis, demum epidermide fissa siiperficialibus, 
170-190/4 latis, comdiis oyoidiis, hyalmis, 4 5-5 5X2 5-3/4 
In foliis vivis Ptri Mali ad Sevillam, Hispanife 


Maublanc sur Pir«4«OTa/a« Seville 1900” (fragment of type) Ex Herbarium, 
Pathologie V6g6tale, MmisteredcrAgriculturc, Institutcie Becherehes Agronomiques, 
\ersailles, France Specimen received through the courtesy of G Arnaud Abiuuuuunuca, 
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One of the genera considered was Elsinoe, typified by E canavahae 
and originally reported on Oanavalm gladiata (Jacq,) DC. According 
to Woronichin (35) the ascoxna in Plectodiscella p%r% develops intra- 
epidermally, whereas in Elsinoe canavaliae it forms subepidermally; 
furthermore, lesions of scab of Canavalia are thickened, while in apple 
and pear anthracnose such lesions are not found. ^ The two species 
can not be separated by these criteria, for mtraepidermal as well as 
subepidermal ascomata occur in the Lima-bean fungus tentatively 
identified as E, canavaliae j furthermore, data at present available 
show that lesions resulting from attack by Sphaceloma may be not 
only of normal thickness, but also of increased or {3, 27) even of less 
than normal thickness. The fact that hyperplastic lesions occur in the 
anthracnose of brambles {16, 1^.9) and of rose^® suggests that they 
may be found in the apple and pear disease. 

Woronichin {33) found resemblances between the perfect stage of 
Plectodiscella piri and Molleriella Wint {34^ p 102) not Moeleriella 
Bres {6, p, 292), The latter genus at the tune his {33) paper was 
written had been removed {23, p, 349) from the family Myriangiacei 
Nyl {37, p 139) and then transferred {23, p 349) to the discomycetous 
family Agyriaceae Von Hohn {23, p 362) If more information had 
been available concerning Molleriella it is probable that Woronichin 
{33) would have classified his new fungus in this genus, which is older 
than Elsmoe He {33) compared it with the myriangioid genera 
Ascostratum Syd and Kusanoa P. Henn , as well as with Elsinoe and 
Myriangina (P. Henn ) Von Hohn {23, p 372-373) , of these two it 
resembled Elsinoe more than Myriangma. Myriangina was originally 
classified by Hennings {24, p 33) as a subgenus of Myriangium Mont, 
and Berk {4), on which is founded the Myriangiaceae. Upon re- 
moving Myriangina from this family, Von Hohnel {23, p 373) erected 
for this genus, as well as for Elsinoe until then classified in the Exoas- 
caceae {42), the family Elsmoeaceae Von Hohn He was uncertain 
of its systematic position, but suggested that its afiirdties might be 
with the Plectodiscales or with the Protodiscales Woronichin {33) 
concluded to place his new family Plectodiscellaceae between the 
Elsinoeaceae and the Discomycetes, explaining that it was undoubtedly 
related to Molleriella, and through Ascostratum and Kusanoa to the 
Myriangiaceae 

Soon afterwards the Myriangiaceae were treated as an order by 
Theissen {30, p 311), i, e , sls the Myriangiales Starb {^), and the 
families Elsinoeaceae and Plectodiscellaceae were placed in this order 
by Theissen and Sydow {31, p 4^7) For these families they created 
the suborder Protomyriangieae and distinguished them by the pres- 
ence of an epithecium or shield in the Plectodiscellaceae and its absence 
in the Elsinoeaceae It has been shown earlier in the present paper 
that this is not a vahd criterion for the separation of the type species of 
the genera Elsinoe and Plectodiscella; it follows, therefore, that it is 
not a valid criterion for the separation of the two genera or of the 
families created for them In 1925 Amaud {2) merged the two fam- 
ilies and transferred Elsinoe, Plectodiscella, and Myriangma to 
Hennmgs’s {22) genus Uleomyces Eleomyces, Myriangium, Kusanoa, 
Ascostratum, and a few others fall m the Eumyriangieae of Theissen 


IS Jenkins, A E Op cit (See footnote 12 ) 
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PUctodiscella piri from other sources, which have been examined by 
the writer. 

JMarchionatto {S3, p 11), reporting the fungus only on leaves of 
pear, stated that it was fairly widespread in the Province of Buenos 
Aires and the islands of Delta del Parma His advice {S3, p 11) for 
the control of the disease is similar to that given by Peglion {39, 40, 
p 269), 

Thereportsof Hadrotrichumon rose presumably concern theSphace- 
loma on rose; those on brambles, Plectodiscella veneta (Speg.) Burk , 
or the perfect stage of Qloeosponum venetum Speg. and those of 
Hadro trichum and G, pinnum on apple and pear, P. p^r^ Al- 
though these three similar fungi, occurring on rosaceous hosts, and 
Hadrotrichum ? populi, on poplar, have been treated as comprising 
one and the same organism, it seems advisable to keep them, tenta- 
tively at least, as separate species, as originally described It has 
been mentioned elsewhere by the present writer that Alexander 
{1, p 72) reported infection of apple fruits by P reneta, but that he 
did not furnish absolute proof of such pathogenicity. This species 
and the other two from rosaceous hosts just mentioned were separable, 
as far as compared by the winter, but this is not interpreted 
necessarily to mean that each is entitled to the rank of species 

Lindau" {32, p 684), referring to the doubtful classification of 
Hadrotrichum popuh in the genus Hadrotrichum {43, p^ 26Jf), sug- 
gested that the species be retained there until it could be investigated 
further An examination of typical material of the fungus on 
Populus mgra,'^^ on which, as previously stated, it was originally 
described, as well as of Briosi and Ca varans illustration of it, shows 
that it possesses the characteristics of the genus Sphaceloma and that 
it is possibly a distinct species Therefore it is here transferred to 
the genus Sphaceloma as S popuh (Sacc ), n comb The fungus is 
reported not only on black poplar, but also on Lombardy poplar 
(P. nigra italica DuKoi) in Italy and South America {46, p, 192) 
and on ‘‘Pioppo canadense^^ {S3, p, SOS) in Italy. 

Isolations of Sphaceloma from pear, poplar, or strawberry tree, 
or tests to determine whether the Sphaceloma on apple will infect 
pear, and that on pear apple, seem not to have been made, nor has 
there been available fresh material of the pear fungus or any specimen 
of what may prove to be Sphaceloma on maple, pomegranate, plum, 
European moimtain-ash, or white beamtree. 

Brizi {IS) has reported an anthracnose of almond {Amygdalui:^ 
communis L ) in Italy, which he regards as similar to anthracnose of 
grape;also Von Hohnel {26, p, 6S-67) has added a species to Maublanc^s 
genus Melanobasidium, but its characteristics as described {26, p 
6S-67) may exclude it from this genus 

Before erecting the ascomycetous genus Plectodiscella and the 
family Plectodiscellaceae for the apple and pear anthracnose organism, 
Woronichin {55) considered placing the species m one of several genera 
already described with each of which it has characteristics in common. 

12 Jenkins, A E nose antheacnose caused by sphaceloma (Unpublished manuscript ) 

13 Selva, Italy, October, 1877 (Saccardo, P A. mycotheca veneta, Century 8-12 (pr p ) No 1206 ) 
(Cited iii4S,p 264) 

11 Briosi, O , and Catara, F i punghi parassiti delle pi ante cot tivate od utili Ease 13-14, No. 
139 Pavia, 1900. 

15 Op cit (See footnote 14 ) 
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SUMMARY 

Plectodiscella p%n Wor , which causes apple and pear anthracnose, 
a disease of considerable economic importance, is widely distributed 
in Europe It occurs also m South Amenca, but is not known to be 
established in North America, although it has recently been inter- 
cepted at ports of entry in the United States 

The morphology, taxonomy, and history of the fungus are discussed. 
Structures termed the ^^epithecium^’ or ''shield’^ by Woronichin in 
describing its perfect stage are interpreted as the conidiophores of its 
Sphaceloma or comdial stage The data presented show that Woro- 
mchm^s reasons for not placing this fungus m the genus Elsinoe are 
invalid, as is also Theissen and Sydow^s basis for separating the fam- 
ilies Elsmoeaceae and Plectodiscellaceae Although Arnaud has trans- 
ferred Plectodiscella to the genus Uleomyces, with consequent nomen- 
clatonal changes, it is suggested that Uleomyces be investigated fur- 
ther before this transfer is accepted Elsmoe, which Arnaud also 
treats as a synonym of Uleomyces, is here regarded as a distinct 
genus, and Plectodiscella and also Melanobasidium are considered as 
synonyms, Plectod%scella piri and P veneta are referred to Elsinoe 
Melanohasidium mah, the-type of Melanobasidium, is regarded as a 
synonym of Elsinoe p^ri, 

Hadrotnchnm popuhj on poplar, is transferred to the genus Sphace- 
loma 
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and Sydow {51)^ the only other suborder in the Myriangiales as 
classified by them {51) Arnaud, who {2) explains that the order is 
only imperfectly known, thus seems to disregaid the two suborders of 
Theissen and Sydow As a matter of fact, in the orientation of their 
stroma, Myriangma, as discussed by the writer {29) and by others, 
and some other related geneia (45) actually partake ot both suborders 

Ainaud {2, p 678) transferred Flectod'iscdla pvi and P veneta to 
what he termed “the Elsmoe section '' {2, p 688) of the genus Uleomy- 
ces Shear (45) did not agree with this transfer, because “Uleomyces 
has a superficial stroma and many-septate, muriform, brown asco- 
spores, instead of 3-septa te hyaline spores as in the type of Plectodis- 
cella ” Citing Arnaud ’s {2) account of Elsinoe canavahae, Shear (45) 
stated- 

It IS very clear that Elsinoe is a synonym of Plectodiscella, unless [here ap- 
parently following Theissen and Svdow {SI) and not Woronichin {SS)] the dark- 
colored superficial cover in Elsinoe be considered a distinctive character * * +. 

These statements were made by Shear {45) in connection with his 
report of Elsmoe ampehna (D By ) Shear, recently found by him in 
the United States, the fungus being possibly the same as E inhcola 
Rac. (Sf 46), originally reported from Java 

As previously mentioned in the present paper, the writer (80) has 
shown that a superficial cover like that m Plectodiscella is found in 
Elsinoe on Lima bean. In other respects also the two genera are identi- 
cal Colored muriform spores occur in Elsinoe canavahae (SO), so that 
m this particular Elsinoe, or Plectodiscella, agrees with Uleomyces 
Colored ascospores occur also in the genus Mynangium, as already 
reported by Petch {4f p 62-63). Had this characteristic of Myrian- 
gium been known to Hennings, according to his own statement, he 
{23) would have treated his genus Uleomyces as a synonym of My- 
riangium Theissen (JO, p 312) and Theissen and Sydow {51, p 439), 
on the other hand, separate Uleomyces and Mynangium on the basis 
of the distribution of asci m the ascoma, i e., in Uleomyces the asci 
occur throughout the ascoma, whereas in Mynangium the lower part 
of the ascoma is stenle Arnaud (2) recognizes the same distinction 
Of these two genera only Mynangium has been cultured by the present 
writer, no living material of Uleomyces being available It is evident 
that further investigation of Uleomyces, including a study of its 
growth in culture, is essential to a satisfactory comparison of this 
genus with the others lust mentioned. 

^ As previously stated, Woronichm (55) has suggested that Plecto- 
discella may be identical with Molleriella It appears to be more 
closely related to this genus than to Uleomyces, but actual material 
of Molleriella is not available wuth which to make a direct comparison 
The genus, which is older than Uleomyces, is included in the Myrian- 
giales by Arnaud (2). 

It is convenient here to treat Elsinoe as a distinct genus, with Plec- 
todiscella and Melanobasidium as synonyms Plectodiscella piri and 
P veneta are referred to Elsmoe as E piri (Wor ), n comb , and E 
veneta (Speg.), n comb In addition to P piri and Uleomyces piri, 
synonyms of E. piri are, of course, Oloeosporium pirvnnm, Hadro- 
irwmm piri, H popuh var piri, H. pirinum, and Melanobasidium 
mall. 
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CANKER OF ASH TREES PRODUCED BY A VARIETY 
OF THE OLIVE-TUBERCLE ORGANISM, BACTERIUM 
SAVASTANOI ^ 

By Nellie A Bro\^n 

xis^ociate Pathologzstj Division of Horticultural Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

A canker of the Eui'opean ash tree, Fmxinus excelsior L , occurs in 
England, Austria, Germany, France, and Italy It is a stem disease 
of the canker type that progresses slowly from year to year, involving 
the bark and wood and stimulating the growth of the stem at the can- 
kered areas The disease has not been reported in this country In 
1922 the writer found what appeared to be bacterial cankers on a 
European ash tree in one of the parks m Washington, D C The 
branches of the tree were badly distorted vuth cankers, and the tree 
itself was nearly dead and was being cut down at the time Some of 
the cankers were secured and from them numerous isolations w'-ere 
made, but no pathogenic organism similar to that obtained from 
European cankers could be isolated 

REVIEW OF LITERATURE 

Noack {2Y m 1893 described and pictured cankers on Fi^axinus 
excelsior occurring in Germany He saw bacteria while studymg 
cross sections through the cankers, and concluded that the disease was 
a bacterial one, but he did not isolate the oiganism or produce the 
disease experimentally 

Vuillemin (5) claimed that the ash canker m France was the same 
as the olive-tubercle disease, but he did not give his reasons. He may 
have reached this conclusion because of the fact that the ash tree 
belongs to the same natural family as the olive ; but there is no regular 
tubercle or knotlike appearance in the ash disease 

Massee {1, p 520) described the ash canker as a distinct bacterial 
disease * 

The 4- 01 5-\ ear-old stems oi blanches of ^oung ash tiees are frequently dis- 
figuied b\ the presence of cankered spots, vaiying in size from small cracks ^Mth 
thickened mai gins, half an inch long, up to rugged patches forming irregular cavities 
in the wood, and bounded by iriegular outgrowths of callus, ^\hich may extend foi 
se\eial inches 

In a detailed account of the olive-tubercle disease, with a description 
of the olive-tubercle organism, Bacterium sarastanoi E F Smith, 
Smith (6*) included a paragraph about the ash-canker disease, stating 
that cankered stems had been sent to the United States from Europe 
and that from them the present writer had isolated an infectious 
organism that reproduced typical cankers on both American and 
European ash trees At that time and for some years previously 


1 Received for publication Dec 1, 1931, issued May, 1932 

2 Reference is made bv number (italic) to Literatme Cited, p 722 
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Figure l —A, Ash canker from Vienna, Austria, m various stages of development Photographed 
on arrival, December 8, 1913 X H B, Cross sections through ash stems, a, healthy, b, dis 
eased Natural size 
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Smith, had been greatly interested m the olive-tubercle disease He 
had investigated the disease and its causal organism, as well as the 
early literature connected with the subiect (4, 5, 7) Although aware 
of the relationship of the olive and ash trees, Smith did not agree with 
Vuillemin (5) in the theory that both the olive-tubercle and the ash- 
canker disease were produced by the same bacterium This difference 
of opinion, as well as the continued appearance of the olive-tubercle 
disease in the olive groves of California and the discrepancies in the 
tests of the Italian organism isolated from the olive tubercle by Petri 
and described by him (5), influenced Smith to send ash-canker mate- 
rial from Vienna and later olive tubercles from Portofino, Italy, to the 
writer m Washington, D C 

THE ASH-CANKER DISEASE 

It was while Smith was in Europe in 1913 that he found ash trees 
badly diseased with cankers One clump of trees, numbermg about 
40, in the neighborhood of Vienna, had more or less of the disease on 
both trunks and branches. Smith believed that by means of fresh 
isolations from the young ash cankers and from young olive tubercles 
the differences between the two organisms could be readily deter- 
mined. Experiments carried out by the writer with both the Aus- 
trian and the Italian material conymced Smith that the ash-cankei 
organism was a variety of the olive-tubercle organism, Bacterium 
savasianoiy and not a distinct species as he had supposed 

Material showing various stages of the ash canker was received in 
Washington a little more than a month after it had been sent from 
Austria by Smith (Fig 1, A and B.) The earliest stages showed a 
longitudinal split m the bark, from, a few millimeters to a centimeter 
in length, with darkened raised tissue inside the split. The older 
stages showed a spreadmg out of this split, from which darkened 
corky tissue protruded^ The disease did not often extend very far 
into the wood, the thickened portion being mostly bark, but the 
growth of the bark and wood was greatly stimulated, the diameter of 
the cankered area bemg often twice that of the stem above or below 
the canlier. The largest cankers on the trees had not been secured ; 
those received varied from 5 mm to 8 cm in length and from 3 mm to 
5 or 6 cm in width. One stem 2 5 cm in diameter was almost encucled 
by cankers. 

The disease disfigures the tree and destroys its commeicial value. 
Noack (S) found instances in which leaves and leafstalks were infected. 
No diseased leaves were received by the writer, but since leaf infection 
of the olive tree is a common conmtion in the olive-tubercle disease, 
Noack is probably correct in his belief that infection may begin m 
leaves and leafstalks of the ash and spread to the stems. 

Cross sections through the diseased portions of the cankers received 
from Vienna did not show bacteria in pockets like those in the olive 
stem. A white gummy substance that oozed from the sections was 
always present. This substance was filled with nonmotile particles 
which looked, like bacteria but which because of their density could 
not be identified with absolute certainty. As the specimens were 
cut a long time before they were received, the condition of the tissues 
was somewhat changed and the bacteria were inactive. 
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Figure 2 —American ash stems inoculated ^ith Bacterium sarastanot var fraxin^ isolated from 
European ash canker from \ienna, Austria A and B, Inoculated Mav 1, 1914, with two 
different colonies, of which B was the more infectious, and photographed August 10. 1914 C 
and D, control punctures on American ash stems made on the same date About natural size 
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ISOLATIONS AND INOCULATIONS 

Nnnaerous sets of plates weie poured, but no common colony 
appeared, probably because of the diy condition of the material 
Various colonies were picked off and inoculations made into young 
American ash trees, Fra,iwus americana L Of nine colonies used, 
three proved to be infectious Two of these are shown m Figure 2, 
A and B The control punctures produced no outgrowth (Fig 2, 
C and D ) The three colonies were alike in macioscopic appeal ance, 
all were white and lesembled colonies of the olive-tubercle organism 
(Bacterium savastano'i ) 

European ash trees were inoculated with very satisfactory lesults 
(Fig 3 , fig 5, C ) The inoculum used was a subculture from an agar 
poured-plate colony The infection took place moie rapidly than on 
the American ash, and larger cankers, like the original ones from Aus- 
tria, developed In less than a week water-soaked aieas showed 
around the inoculation pricks A blisterlike swelling followed, then 
a split occurred Later the ciiiled baik and the roughened swellings 
of wood just under the bark extended for some distance out from the 
split In five months cankers 2 5 cm long had formed The splitting 
and darkening, with accompanying protuberances, continued to 
develop for a year or more until a large canker was produced 

In the spring the tender shoots of olive tiees in the greenhouse were 
inoculated with subcultures of the original ash-canker organism 
The shoots w^ere watched far into the summer, but no well-defined 
canker or any indication of a tubercle appeared Because of a slight 
disturbance in the tissue of the olive stem, it was thought for a time 
that cankers were forming, but the development did not continue 
Inoculations on the olive were repeated twice with negative lesults 
(Fig 4, A and B ) 

Inoculations with an actively infectious strain of Bacterium savas- 
tanoij isolated by the wiiter from olive tubercles received from 
Portofino, Italy, were made into both European and American ash 
in four different tests, but neither canker nor tubercle was produced. 
Photographs of ash stems, some inoculated with the olive-tubercle 
organism and others with the ash-canker organism, are shown m 
Figure 5, A and B. 

The virulence of this isolation of Bacterium ^avastanoi had been 
previously established by repeated successful inoculations and was 
now tested again on olive trees In two months knots 2 to 2 5 cm in 
diameter had grown at the inoculated places (Fig 4, C and D ) 

The ash-canker organism was reisolated from the cankers produced 
on the inoculated European ash trees, and this reisolated organism 
likewise produced typical cankers when leinoculated into other 
European ash trees, (Fig 6, B, and fig. 7) Control punctures are 
shown in Figure 6, A 

The cankers produced by inoculations were studied in cioss sections 
stained and unstained, as the original European material, which was 
received a long time after it was cut, had been found unsatisfactory 
for section study. The bacteria were abundant between the cells 
of the cork and the bark parenchyma and also in a slime in the cavities 
foimed by the disintegration of the cells Here they were seen to be 
motile. There were no pockets, however, as in the olive tubercle 
That bacteria weie present in the wood also was proved by isola- 
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tions, as the organisms could not with certainty be determined 
microscopically 

LABORATORY TESTS AND COMPARISONS OF ASH-CANKER AND 
OLIVE-TUBERCLE ORGANISMS 

Although Bacterium savastanoi and the ash-canker organism did 
not cross-inoculate in any of the experiments, cultural and morpholog- 



Figure 5 —European ash steins inoculated with the olu e-tubercle organism and the ash-canker 
organism A, Stem inoculated with the olive-tubercle organism April 30, 1915, and photo- 
graphed Aiay 12, 1915 Neither tubercles nor cankers formed X 5 B, Stem inoculated 
with the ash-canker organism April 30, 1915, and photographed Mav 1 , 1015 x 5 C Stem 
inoculated with the ash-canker organism May 7, 1915, and photographed October 10, 1918 
Natural si7e 

ical tests showed them to possess a marked degree of similarity, and 
it IS thought that they must be closely related species or varieties of 
the same organism exhibiting individual host tendencies Com- 
parisons were made, not only with the usual laboratorv tests but also 
with the tests which Petri (S) used in his study of Bacterium sarasianoi 
and which he published in 1909. (Tables 1 and 2.) 


Table 1 — Coniparisori of the ohvc-tuherde {Portofino strain) and the ash-canker organisms by general lahoiatoiy tests 
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Figure 7 —European asti inoculated July 13, 1914 with organism reisolated from a canker pro- 
duced on American ash, photographed October 10, 1918 Note cankers forming on small stem 
Inoculations ^^^ere made only on large stem A little less thau natural size 
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Table 1 —Comparison of the ohve-Uiherck {Poriofino sttain) and the ash-canker organisms by geneial Ubotatory /esJs— Continued 
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Table 2 — Comparison of culimal and physiological tests of the ohve-tubercle organism (Poitojino strain) and of the ash-canJcer oigamsm with 

Petries tests of his olive-tubercle sham 

[Petri’s formulas were followed] 
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Dunham’s solution for pro- A culture 20 days old showed a reddish color 21-day-old cultures tested with sulphuric acid 21-day-old cultures tested for mdol with sulphuiit* 
due tion of indol Production of mdol not s ery abundant and sodium nitrite (fresh solution) ga\ e a pink acid, sodium nitrite (fresli solution) ga\ e a pink 

color without heating Deep \ inaceous color after heating, but not so deep as Bact 

savasianoi (Portofliio) Ymaceous 



^Medium , 01i\e organism (Petri s Italian strain) Olne organiMii (Portofino strain) Ash organism (Vienna strain) 
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The detailed cultural work outlined m Tables 1 and 2 was carried 
out in order to ascertain whether the differences between the ash- 
canker and the olive- tubercle organisms would justify the sepaiation 
of the ash organism as a distinct species 

Although the olive-tubercle and the ash-canker organisms did not 
cross-inoculate in any of the tests and differed in some of their cultural 
characters, they were alike in the majoiity of the tests, morpholog- 
ically they are essentially alike The difference may be accounted for 
by the influence of the host on its particular parasite, an influence 
which has persisted to a marked degree during the 17 years in which 
the two organisms have been subcultured The ash-canker orgamsni, 
therefore, has not been made a separate species, but is here regarded 
as a variety of the olive-tubercle organism. Bacterium savastanoi, for 
which the vanetal name/m;r^m is suggested 

The differences between Petri’s olive-tubercle organism and the one 
used for this work (Portofino isolation) as indicated in Tables 1 and 2 
are probably due to the differences in strains of the same organism. 
It may be noted that Petri’s results coi respond sometimes to those 
obtained with the olive-tubercle (Portofino) organism, sometimes to 
those obtained with the ash-canker organism, and sometimes to 
neither Occasionally it happens that all three organisms give similar 
results It is laiown that various bacteria exist in a variety of strains, 
and xmdoubtedly the olive-tubercle organism is no exception 


THE NEW VARIETY AND THE TYPE SPECIES COMPARED 
Bacterium savastanoi fraxini, n var 

The variety fraxim differs from Bacteiium i^avai^tanoi mainly m specific host 
reactions, for the two organisms are only slightly separable by cultural or morpho- 
logical characters Table 3 shows the important differences between the two 
organisms 

Table 3 — Comparison of Bactenum savastanoi n vai , imth Bact savastanoi 


Item 


Bact sa\astaiioi fra\ini 


Bact savastanoi 


PathogenicitN 

Produces cankers on ash trees, is 


not infectious to oln e trees 

5° to 32° C 


5 fito 8 5 

Cohn’b solution 

A green color de\elops in old flask 
cultures 

1 2^ to 3 3 aiX0 4/x to 0 hjjL 

Si7e of organisms from cultures ; 
of same age and stained the 
same 



Produces tubercles on olive trees, is 
not infectious to ash trees 
12° to 35° C 
b 5 to 9+ 

No green color m old flask cultures. 
1 2j« to 1 5 aiX0 ip- to 0 5ju 


TREATMENT OF THE DISEASE 

The organism causing canker on ash, like the olive-tubercle organ- 
ism, IS a wound paiasite, and the treatment recommended for olive 
trees affected with tubercles may be suggested for the ash trees affected 
with cankers, namely, skillful priming As is usually recommended 
in treatment of this land, the cut surfaces should be disinfected, as 
well as the prumng knives each time they are used 

Possibly a gerimcidal spray or gernucidal paint imght be used 
effectively at the earliest stage of the disease, when the split m the 
bark is very small and fairly regular, but in the latei stage, when the 
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NITROGEN-BALANCE STUDIES WITH VARIOUS FISH 

MEALS' 


By Burch H. Schneider 

A66,tstcint in Ammal Husbmidiyj Ammal Husbandry Departmentj New York 
{Cornell) Agncultwal Experiment Station 


INTRODUCTION 


In an earlier report ^ of fish-meal studies by the agricultural experi- 
ment station at Cornell University, it was shown that, as measured 
by growth experiments with rats, the protein of a vacuum-dried white 
fish meal was superior to that of a steam-dried menhaden meal. 
Both products proved superior to a flame-dried menhaden meal. 
It seemed probable that the differences in heat treatment ^were 
responsible, at least in part, for the differences m protein efficiency. 
It was recognized that the effect of higher temperature might show 
itself either in a lower digestibility or in a lower utihzation of the 
absorbed nitrogen It was therefore deemed desirable to extend the 
previous studies by the use of methods which would give more spe- 
cific information regarding the differences m protein efficiency The 
present paper reports the results of mtrogen-balance studies m which 
the three products previously mentioned were fed to rats and pigs. 

The vacuum-dried white fish meal was a commercial product and 
consisted of the heads, tails, fins, and adhering flesh obtained as a 
by-product of the fillet industry and dried in vacuum under 105° F. 
It (fid not contain the entrails The flame-dried menhaden meal waa 
also a commercial product containmg the whole fish, less most of the 
oil This product was dried by direct heat at temperatures of approx- 
imately 500° F. The steam-dried menhaden meal was a product 
experimentally produced by the Bureau of Fisheries ^ As compared 
with the flame-dried meal, it was undoubtedly more carefully handled 
throughout the manufacturmg process as weU as dried at a much lower 
temperature. The analyses of the samples used in the present study 
are shown in Table 1 Two expenments with growmg rats and one 
with growing pigs were carried out, in which MitchelFs method ^ of 
computing the biological values from the nitrogen-balance data was 
used 

Table 1 — Percentage analyses of the fish meals studied 


1 

Fish meal 

1 1 

Moisture 1 

Ash 

Crude 

protein 

Ether 

extract 

Flame-dried menhaden - 

5 12 1 

21 13 

67 95 

6 13 

Steam-dried menhaden 

7 00 

16 50 

59 68 

11 83 

Vacuum-dned white. - 

9 90 

19 25 

62 02 

2 63 







1 Received for publication Dec 4, 1931, issued May, 1932 This paper presents a part of a thesis pre- 
sented to the graduate school of Cornell University in partial fulfillment of the requirements for the 
degree of doctor of philosophy. 

2 Maynakd, L a , Bender, R C , and McCay, C M mtamin a and protein studies with various 

FISH MEALS Jour AgT Research 44 691-603, illus 1932 ^ ^ . 

3 Harrison, R W the menhaden industry. U. S Dept Com , Bur Fisheries invest Rpt 1, 

113 p , lUus 1931 ' , ^ 

* Mitchell, H H a method op determining the biological value of protein Jour Biol Chem. 
58 873-903 1924 
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bark bas become corrugated and corky, such treatment would result 
only in destroying the surface bactena. 

Since a slime containing bacteria oozes from the cankers when they 
are moist, it is quite possible that the disease may be spread from one 
branch to another by rain, the organism entering the tissues through 
very small wounds 

SUMMARY 

A bacterial organism isolated from a canker disease of the European 
ash tree is likewise infectious to the American ash, causing the same 
type of lesion The disease has not been reported on the American 
ash m this country The cankers of the European ash vary in size 
from small cracks with thickened margins to irregular fluted out- 
growths several inches in length and width, with cavities extending 
into the wood. They increase m size and number from year to year 
on both trunk and branches 

The organism isolated from the ash cankers is similar to Bacterium 
savastano% E P Smith, which produces tubercles on olive trees in 
California, Italy, and other countries. Although the organisms do 
not cross-inoculate — the ash proving noninfectious to the olive and 
the ohve nonmfectious to the ash — both cultural and morphological 
tests show that they are essentially alike The ash-canker organism 
IS therefore regarded as a variety of the ohve-tubercle organism, Bact. 
savastanoi, and the name Bact savastanoi variety /mnm is suggested. 
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KAT EXPERIMENTS 

In each experiment six rats were used In the first, three females 
were included, but in the second, males only were employed After 
from five to seven days on a mtrogen-free ration consisting of 15 per 
cent of biitterfat, 12 per cent of lard, 2 per cent of cod-liver oil, 4 per 
cent of salt mixture (Osborne and Mendel), and 67 per cent of starch, 
the urine and feces were collected for a 7-day period Then followed 
three 10-day experimental periods in which the three fish meals were 
fed at such levels that their proteins formed 10 per cent of the ration, 
the calorific and mineral content being kept the same Vitamin B 
concentrate (Osborne and Wakeman) was included in the ration in 
the first experiment at a 0 15 per cent level and in the second experi- 
ment at a 1 6 per cent level ® The collections of excreta were made 
the last seven days of each 10-day period The experiments were 
each ended as they were begun, with a nitrogen-free period. The 
diets and all the excreta were analyzed for total nitiogen by the 
Kjeldahl method 

The data obtained m the first and second rat expeiiments are sum- 
marized m Tables 2 and 3 respectively The two values, the digestion 
coefficient and the biological value, express as percentages the part of 
the food nitrogen which is reahzed by the body at each of the two 
points in the organism where waste occurs The digestion coefficient 
represents the percentage of crude protein (N X 6 25) digested and thus 
saved for body use The biological value expresses the percentage of 
absorbed protein which has been used in anabohsm. 

By averaging all the protein-digestion coefficients obtained foi a 
given product, as listed in Tables 2 and 3, the following mean values 
are obtained: Flame-dried menhaden meal, 62 2 ±1.15; steam-dried 
mendaden meal, 73 2 ±0 96, vacuum-dried white meal, 80 7±0 73 
Thus, the vacuum-dned w^hite fish meal showed an advantage of 
7 5 ± 1 20 over steam-dried nrenhaden, the difference being 6 2 times its 
probable error. The digestibihty of the steam-dried menhaden showed 
an advantage of 11 0 ± 1 50 over the flame-dried menhaden fish meal, 
the diflPerence being 7 3 times its probable error 
By averaging the biological values in Tables 2 and 3 the following 
mean values are obtained Flame-dried mendaden meal, 71 7± 1 54, 
steam-dried menhaden meal, 77 4 ±3 15, vacuum-dried white meal, 
S3 4 ± 1 S3 Analysis of these averages of values from both Table 2 
and Table 3 reveals the fact that the difference of 5 7 ± 3 51 between the 
biological values of flame-dried menhaden and steam-dried menhaden 
IS not sigmficant ^ The same is true of the diflerence of 6 0±3.64 
bet\veen steam-dried menhaden and vacuum-dehydrated wdiite fish 
meal The large probable errois wliich keep these differences from 
being considered sigmficant are due pnmaiily to the high degree of 
variation shown by certain of the values obtained in the first experi- 
ment, w^hich wnll be discussed later The difference of 11 7 ±2 39 
between flame-dried menhaden and vacuum-dried wlnte fish meal is 
clearly significant, the difference being 4 9 times its probable error 
The w^hite fish meal is shown to be distinctly more efficiently used in 
anabolism than is the flame-dried menhaden. This is borne out by 
the swine expeiiment, w^hich is discussed later 


s In the first expeiiment, a minimum amount of vitamin B concentrate was used to avoid too great an 
addition of nitrogen from a source other than fish meal The larger amount used m the second experiment 
was based upon a test of the potency of the product used 
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was used from five days prior to the first nitrogen-free collection period 
through this period It was also used in the final mtrogen-free penod. 
Pig No 1 was mchned at first to be somewhat irregular in fecal excre- 
tion During the last day of what was intended to be the first 7-day 
mtrogen-free collection period, he excreted no feces at all This day 
was discarded and only six days coimted for this first penod 
The plan followed m the swine expenment was as follows. 


Preliminary period on mtrogen-free ration 19 days* 

Collection penod on mtrogen-free ration 7 days 

Preliminary period on fish-meal rations 5 days 

Collection period on fish-meal rations 7 days 

Collection period on fish-meal rations 7 days 

Preliminary period on fish-meal rations 5 days 

Collection period on fish-meal rations 7 days 

Collection period on fish-meal rations 7 days 

Preliminary period on mrogen-free ration 5 days 

Collection period on mtrogen-free ration 7 days 


During the first preliminary period on the fish-meal rations, and the 
two collection permds following, pig No 1 received the flame-dried 
menhaden fish meal ration, and pig No 2 received the vacuum-dried 
white fish meal ration ^ During the second preliminary period in 
which the fish-meal rations were fed, the rations were reversed so 
that pig No 1 received the white meal and pig No 2 the menhaden 
meal 

As in the rat experiments, m the swine experiment the fish meals 
w’ere mixed with the mtrogen-free ration at such levels that their 
proteins formed 10 per cent of the ration The fish meal replaced 
part of the starch and minerals of the nitrogen-free ration Only 
enough mineral mixture was added to make the total mineral content 
of each ration 4 per cent The rations used are shown in Table 4 
Cod-liver oil was fed at the rate of 16 g per pig per day 

The pigs were fed twice a day Throughout the experiment the 
rations fed each day were entirely consumed; therefore no refused 
feed had to be accounted for Each pig vomited slightly once during 
the last fish-meal collection period, but the amount involved less than 
1 gram of dry matter It was concluded that the amount of mtrogen 
lost was insignificant as compared with the weekly mtrogen intake 

Table 4 — Coinposihon of the fish 7neal nations used in the swine feeding experiment 


Constituent 

Composi- 
tion of the 
flame-dried 
menhaden 
fish meal 
ration 

Composi- ! 
tion of the 
vacuum- ' 
dried white i 
fish meal i 
ration ' 


Parts 

Parts 

Fish meal - — 

15 88 

14 S3 ' 

Starch ' 

73 62 

74 17 

Mineral mixture 1 

50 

1 00 

Cellophane < 

8 00 

8 00 

Yeast - 

2 00 

2 00 
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The data fiom both rat experiments indicate the probability that 
the position of the biological value of steam-dried menhaden is inter- 
mediate between the biological values of the other two fish meals 
studied If the data of the second rat experiment (Table 3) are taken 
sepaiately, this is moie definitely shown In di awing conclusions 
regarding the biological values, the author believes that the results of 
the second rat experiment are much more accurate than those of the 
first The potency of the vitamin B concentrate was tested prior to 
the second experiment, and as a result a much larger quantity was 
used than m the first experiment Larger food consumption and inore 
nearly normal growth resulted i^lso, as the most eriatic biological 
values in the first experiment occuried with female rats, only males 
were used in the second experiment Further, it is likely that during 
the second expenment the author was more adept in all the technics 
involved There were no widely diverging values m the second experi- 
ment This resulted in much smaller probable errors, even though 
the average values of the second expenment included only half as 
manv observations as were included m the two experiments 

The average biological values obtained in the second lat expen- 
ment are 72 7 ±0 86, 80 2 ±0 91, and 84 7 ±0 95 for the proteins 
of flame-dried menhaden, steani-dned menhaden, and vacuum-dried 
wlnte meal, respectively The 'white fish meal shows an advantage 
over steam-dried menhaden of 4 5 ± 1 32, the difference being 3 4 times 
its probable error The steam-dried menhaden shows an advantage 
over the flame-dried menhaden of 7 5 ± 1 25, the difference being 6 1 
tunes its probable enor Thus, on the basis of the second rat expen- 
ment taken alone, it is not necessary to resort to inference to decide 
that the position of the steam-dned product is intermediate between 
the other two fish meals with respect to the utilization of its protein 
after absorption The second experiment when taken alone also 
shows the greater biological value of the white fish meal as compared 
vith the flame-dried menhaden by the more significant difference of 
12 0± 1 28, the difference being 9 4 times its probable error 

THE SWINE EXPERIMENT 

As fish meal is primarily a swine and poultry feed, a further (‘oin- 
parison in which only the two commercial meals, flame-dried men- 
haden and vacuum-dried white meal, w^ere used was made with swine 
Twm young Berkshiie barrow’-s from the same litter, wxuglung 37 3 
and 31 8 kilograms, respectively, w^ere used Essentially the same 
technic was follow’'ed as wuth rats The pigs required a niuch longer 
nitrogen-free feeding period before the endogenous level of nitrogen 
excretion w^as reached Daily samples of mine wtu’G taken after "the 
second w''eek until what appeared to be a constant and sufficiently 
low level w’as reached 

After seveial attempts, a nitrogen-free ration was mixed with which 
it w’^as possible to secure moie or less imiform excretion of feces Before 
collections were made, the composition of the nitrogen-free ration 
was estabhshed at S per cent of cellophane, 4 per cent of a mineral 
mixture, and 88 per cent of starch The mineral mixture consisted 
of 40 parts of calcium phosphate, 40 parts of ground limestone, 20 
parts of sodium chloride, and 1 part of ferrous sulphate. This ration 
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The results of the swine experiment are shown m Table 5 This 
limited experiment^ in which only two pigs were used, is in reality of 
greater significance than would be the case if the data were not in 
agreement with those from the 12 rats The results with even two 
pigs are significant under such circumstances Attention is called 
to the fact that the rat rations and the pig rations were not entirely 
comparable. The fish-meal proteins were present in each at a 10 
per cent level by analysis However, because of the high fat content 
of the rat rations the percentage of protein calories was only 8 per 
cent, whereas with the swine rations the cellophane and mineral 
content caused the percentage of protem calories to be 12 per cent, if 
it is assumed that no calories are derived from the cellophane 

An inspection of the digestion coefficients and biological values in 
Table 5 shows clearly that the pig experiment supports the work 
with rats^ in showing the superiority of the proteins of the white fish 
meal. Since the data were furnished by only two animals, the values 
were not 'averaged nor treated statistically It is evident however, 
that the protein of the vacuum-dried white fish meal was decidedly 
more efficient than the protein of the flame-dried menhaden fish meal, 
with each pig, in both digestion and anabolism. It will be noticed that 
throughout the experiment pig No 2 tended to utilize protein more 
efficiently than pig No 1 

The experiments described in this paper confirm those of Maynard, 
Bender, and McCay ® in showing that the products studied rank in 
the following order as regards protein efficiency Vacuum-dried 
white fish meal, steam-dried menhaden meal, flame-dried menhaden 
meal In addition, they supply more specific and quantitative mfor- 
mation in showing that the differences result in part from (hfferences 
in digestibility and in part from differences in the utihzation of the 
absorbed nitrogen Further, they indicate that the results obtained 
with the rats hold also for growing pigs and^ thus furnish further 
evidence as to the usefulness of the rat for pilot experiments with 
swine rations. In view of the fact that fish meals are used primarily 
as protein supplements in both swine and poultry rations, the results 
obtained with the two commeicial meals are of obvious practical 
importance They suggest the desirabihty of further studies, not 
only of various products now sold for stock feeding, but also of the 
conditions both as to raw material and processing which provide 
proteins of high biological value 

SUMMARY 

In two nitrogen-balance studies involvmg a total of 12 growing 
rats the products studied were foimd to rank m the following order as 
regards the digestibility of their proteins: Vacuum-dried white fish 
meal, steam-dried menhaden meal, flame-dried menhaden meal. A 
comparison of the white meal and the flame-dried menhaden by the 
same procedure with two growmg pigs produced results similar to 
those obtained with the rats. 

In both rat experiments and in the swine experiment the vacuum- 
dried white meal proved sigmficantly superior to the flame-dried 


B Maynard, L A. , Bender, R C , and McCay, C. M Op cit 
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A CYTOLOGICAL STUDY OF HETEROTHALLISM IN 
PUCCINIA TRITICINA^ 

By Ruth F Allen 2 

Pathologist^ Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture, and Associate in Agronomy, AgricuU 
tural Experiment Station, University of California 

INTRODUCTION 

The announcement by Craigie in 1927 of heterothallism in the rusts 
has opened up a new field of research of both theoretic and practical 
interest The first paper (7) ^ in which experimental proof was given 
of heterothallism in Puccima hehanthi Schw. was soon followed by a 
second paper (S, p 765)^ presentmg sinular proof for P gramims Pers. 
Here, too, evidence was given that the pycnia or spermogoma are 
not, 

as many botanists have supposed, male conceptacles producing non-functional 
spermatia, but are active organs having a non-male function which they carry 
out through the agency of flies * * * the mycelium, pycnia, and pycnospores 
of some of the pustules were (-f) in sex, whereas the mycelium, pycnia, and pyc- 
nospores of other pustules were (— •) in sex. 

When a monosporidial pustule is kept isolated it produces pycnio- 
spores (haploid) but no aeciospores (diploid). But when the nectar 
(exudate containing the spores) of a ( + ) infection is transferred to the 
nectar of a ( — ) infection (or vice versa), aeciospores form The pyc- 
niospores (spermatia) bring about the change from the haploid to the 
diploid phase 

In a third paper by Craigie (9) additional data are given in support 
of the above conclusions, and field observations are recorded which 
indicate that Puccinia coronata Cda , P. pringsheimiana Kleb , and 
Gymnosporang%U7n sp. also are heterothallic. 

While these studies established the fact of heterothalhsm in Puc- 
cima grarniniSj nothing was yet known of the actual process taking 
place in the host plant However, in 1929 Hanna (12) published a 
preliminary account of studies in this field. He found that in the 
pustule of monosporidial origin the mycehum and pycnia are uni- 
nucleate and that such an infection produces, near the lower epidermis 
of the leaf, sterile wefts, ^ Vhich appear to be crescent-shaped in trans- 


1 Received for publication Nov 19, 1931, issued June, 1932 Cooperative investigations of the Agricultural 

Experiment Station, University of California, and the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, U S Department of Agriculture , „ ^ 

2 Acknowledgments are made to M A McCall and H B Humphrey, both of the Division of Cereal 
Crops and Diseases, for a careful reading of the manuscript, to H B Humphrey, Marg^et Newton, of the 
Dominion Rust Research Laboratory, Winnipeg, Canada, C 0 Johnston, of the Division of Cereal 
Crops and Diseases, and E B Mams, formerly agent of that division, for spores of Puccima tnncina; to 
E B Mams for roots of Tkalictrum flavum, and to members of the Divisions of Agronomy and Genetics of 
the University of California for courtesies extended during the investigation 
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menhaden as regards the utilization of the absorbed nitrogen In 
both rat experiments the white meal proved numerically superior in 
this respect to the steam-dried menhaden, and the latter numerically 
superior to the flame-dried product, but these differences were 
biometric ally significant in the case of the second experiment only 
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function as trichogjnes are much branched and highly septate 
organs, having their terminus at the epidermis of the host leaf where 
they project through stomata or between epidermal cells and make 
contact with spermatia Andrus found that the rust is heterothalhc — 
an isolated infection remains haploid. When spermatia from one 
infection are transferred to a different infection and apphed to the 
leaf surface, the nuclei of the spermatia enter the trichogynes and 
pass to their base, where they become associated with the native nuclei 
to form the beginmng of the sporophyte generation By proliferation 
of these cells, and sometimes by supplementary fusions, a sporogenous 
layer of binucleate cells is formed from which spring the spore chains 
of diploid cells The Christman theory of fertilization {6) in rusts is 
held to be no longer tenable 

Much cytologic work on the aecial generation of rusts {1) was 
published prior to the discovery of heterothalhsm in this group In 
such investigations stages of the isolated sterile infection, if acciden- 
tally encountered in the material studied, would either be incorporated 
with the rest as a part of the story of development of the fertile 
infection or be cast out as '^pathologic.” Moreover, previously 
accepted observations as to the inode of origin of the sporophyte 
generation in the aecium are now in need of a critical repetition in 
the light of recent discoveries In order to further the knowledge of 
the microscopic details of heterothalhsm, a cytologic study of Puc- 
cima tnhcina Eriks was undertaken by the writer. 

MATERIALS AND METHODS 

Spores of Puccinia tnhcina were obtained from E. B Mains, H. B. 
Humphrey, Margaret Newton, and C O Johnston, and plants of 
Thalictrum flavum L were obtained from E. B. Mains. Seed of 
another species of Thahctrum was purchased as T, delavayi Franch , 
but was probably T dipterocarjpum Franch. The plants proved 
susceptible to the rust 

The plants were grown in the greenhouse, and the experiments were 
carried out there. The straw bearing tehospores was placed in loose- 
mesh cloth bags A part was kept in cold storage, and the rest was 
kept in the field, in a partly shaded spot on the ground. The latter 
method proved the more satisfactory. 

In inoculating, watch crystals were filled with mud; bits of the 
rusted straw were soaked in rain water several hours ^ and sprayed 
with an atomizer to stimulate germination, then pressed into the mud, 
with the spores exposed, and sprayed again. A bit of wet sphagnum 
was wrapped around the base of each plant. Tall glass tumblers 
with the bottoms removed and the sides hned with wet paper were 
placed over the plants and the mud-filled crystals used as lids A 
layer of wet paper was folded down over the top and held in place 
with a rubber band This placed the rusted straw directly above 
the leaves, and as the sporidia were formed and set free they fell on 
the leaves. The whole was placed under a greenhouse bench for 
48 hours, then uncovered and replaced on the bench. 

The inoculated plants were covered with tarlatan cages to exclude 
insects These cages were effective in excluding flying insects, but 
did not keep out thrips or red spiders. Every effort was made to 
keep the plants free from these latter; but, despite precautions. 
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verse sections of the leaf' and which ''are cvidentl^r haploid rudi- 
ments of aecial cups waiting to be stimulated into further develop- 
mental activity " He observed that pycniospores germinate, the 
largest germ tube seen being 15/xlong, and that m the infection to which 
pycniospores of opposite sex have been transferred, the sporophyto 
generation appears and open aecia develop. He found that the first 
binucleate cells are formed in the base of the aecium by the fusion of 
cells in pairs m the manner desenbed by Christman (6*), the fusion cell 
becoming the basal cell of a spore chain. 

In a paper covering the same ground the writer (Jf) agrees in the 
mam vnth Hanna's observations but finds evidence that the sporo- 
phyte generation begins earlier. Mycelial cells with more than one 
nucleus have been found at the pycnium, m the mycelium, and in the 
yomig aeemm before the sporogenous layer was differentiated Fusion 
of cells at the base of the aecium to form 2-legged basal cells has not 
been seen 

The fact that in certain rusts the two cells that fuse to initiate the 
diploid generation come of different parents suggests the possibility 
that physiologic forms and varieties of those rusts may hybridize on 
the aecial host and that new physiologic foims may arise from such 
crosses Experiments along this hne are m progress in several labora- 
tories and prelimmary reports of three of these (16 ^ 18 ^ 20) have been 
published. 

Waterhouse (20) in Australia crossed two physiologic forms of 
Puccinia gramims tntici Eriks and Henn. on the barbeny and ob- 
tained from the cross two physiologic forms new to that continent 

According to Stakman, Levine, and Cotter (fS), crosses between 
Puccinia gram%ms tntici and P gramims agrostidis Eriks may result 
in a number of physiologic forms of some previously known 

and others new to science From one cross eight physiologic forms 
were isolated, apparently from the spores of a single aecial cup From 
crosses between P. grammis tritici and P graimms secahs Eriks 
and Henn,, the parental forms were recovered, together with other 
physiologic forms, some of which were new. In long-continued ure- 
dinial cultures of certain physiologic forms of tritici now physiologic 
forms have appeared by mutation 

According to Newton, Johnson, and Brown (16), the selling of a 
physiologic form may result in several forms, some known previously 
and others new to science Only one of the physiologic forms used 
in their experiment proved homozygous They found that when 2 
physiologic forms were crossed, m a few cases a parent form reappeared, 
but more commonly a different form appeared, and that when the mixed 
exudate of 8 physiologic forms was used in crosses, 17 forms appeared, 
of which 7 were new. Spores from each aecial cup in this experiment 
were cultured separately, in 95 per cent of the cases only 1 physio- 
logic form was isolated from each cup. 

Andrus (S) in a paper ^ presents an account of the gametophytic 
development and fertilization of Uromyces apvendiculatus (Pers ) 
Fries and other rusts. Andrus found that in U, appendiculatus the 
sporidmm gives rise to a haploid mycelium that bears spermogonia 
and trichogynes He states that the gametophytic hyphae which 


delivered before the mycological section of the Botanical Society of America m December, 
1930, ana made available to the present writer through the courtesy of its author, A report of this inves- 
tigation (5) has appeared since the present paper was prepared 
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occasional infections were fertilized through their agency. The 
infections were studied and greenhouse records of them were kept. 

Material was fixed daily for the first three weeks and at longer 
intervals from then on until the infections were 6 weeks old. The 
fixing fluids used were chrom-acetic formalin and Flemming’s medium 
and weak solutions. Of these, Flemming’s weak solution was most 
trustworthy. The material, after remaining 36 to 48 hours in the 
filing fluid, was washed, dehydrated,^ and embedded in 50° paraffin. 
The principal stains used were safranine and methylene blue 

INVESTIGATIONS 

ENTRANCE AND DEVELOPMENT OF MYCELIUM 

After 24 hours in the inoculating chamber some of the teliospores 
had germinated, the promycelia had produced and freed sporidia 
which had fallen on the leaves, and some of the sporidia had then 
germinated and entered the epidermal cells of the leaves. 

Plate 1, A, shows an epidermal cell with the young rust fungus 
from a 1-day infection ® The host cell is somewhat plasmolyzed 
Flemming’s medium solution, used m fixing this preparation, proved 
too strong for Thalictrum leaves On the outer surface of the cell 
is the sporidium (a), which is only partly evacuated Even in older 
preparations there is sometimes a remnant of the spore plasm left m 
the sporidmm The bulk of the sporidial content has entered to 
form the sacklike mass (6) within the epidermal cell There are 
apparently six nuclei m this cell A comparison with later stages 
(pi. 1, B and C) makes this seem doubtful, or at least exceptional 
However, it would be expected that one or two nuclear divisions 
would take place before septation 

Plate 1, B, a, shows a newly septate primary hypha. It is slender, 
consisting of three uninucleate cells, and runs diagonally across the 
epidermal cell. 

The primary hypha develops further, growing apically to form new 
cells, while the older cells become thicker and heavier and put forth 
branches In Plate 1, C, drawn from a 2-day infection, is a 4-cell 
primary hypha {a-d) and the remnant of the original spoiudium {e) 
The two older cells (c and d) have thickened and produced short 
branches Their cytoplasm is vacuolate, much of it having flowed 
out into the branches, but the nuclei are still m the parent cells. 
The two younger cells (a and h) are still slender, dense, and un- 
branched 

In the later growth the primary hypha and its branches become 
heavier and somewhat tangled, and it is often difficult to trace their 
course Plate 1, Di and D 2 , shows successive sections of a 3-day 


® For the sake of timfonnity and clearness, the drawings are oriented in the plates as the tissues arc in the 
leaf, 1 e , having the tissues nearest the upper surface of the leaf uppermost in the drawing. 


EXPLANATORY LEGEND FOR PLATE 1 

A -One-day infection The sporidium (a) has germinated and entered the epidermal cell at 6 X 1.020. 

B —Two-day infection, Primary hypha (a) composed of three unmucleate cells X 1,020 

L — Foux-ceU primary hypha (a-d) and remnant of sporidial wall Ce) from 2-day infection The older 
cells (c and d) are pushing out branches X 1,020 

Di pd Da —Successive sectmns of a 3-day mfection showing primary hypha (Di, c, and Ds. c) and its 
branches (Di, a, b, and d, and Da, a, b, and d) X 1,020 

E -Three-day mfection Primary hypha entered at c, grew to /, and doubled back to 6 Branches at 
fl, a, and e X 1,020 
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infection The primary hypha entered at Di, c, swung to the left 
then curved back to the right, endmg at Dg, c Apparently, the ter- 
minal cell (D 2 , c) is unbranched Not less than 6 branches (and 
probably more) have formed and grown out of the host cell, 2 into 
other cells (pi 1, Di, a, and Dg, d), and 4 mto intercellular spaces 
(pi 1, Di, 6 and d, and Da, a and h) 

In contrast to Puccima grarmms (f ), these branches from the pri- 
mary hypha do not make their exit from the epidermal cell through a 
small pore in the host cell wall, but from a relatively large hole often 
equal in diameter to the hypha This is evident m Plate 1, Di and 
Da, and shows still more clearly in Plate 1, E Here (pi 1, E) the 
rust entered at c, and the primary hypha swung to the right at /, 
then doubled back to 6. It consists of 6 cells, of which the 4 older 
have branched and are now more or less evacuated, while the 2 
younger are still unbranched. Three of the large vigorous branches 
are undimmished in diameter at the point of exit from the epidermal 
cell (PL 1, E, a, d, and e.) These branches are making their way 
down between the palisade cells to the more open air spaces below. 

Progress by the fourth day is shown in Plate 2, A The primary 
hypha has entered at d and curved around to b As before, the pri- 
mary hypha itself does not leave the host cell, and its terminal cell 
(6) IS unbranched. Branches at a and c have grown down into the 
host tissues, forming the mycelium Ordinarily a cell of the primary 
hypha gives rise to only one branch The cell at d, however, has 
formed two branches, neither of which is effective 

Once the mycelium is established, little or no further development 
occurs at the point of entry, and degenerative changes of the primary 
hypha set in Plate 2, B, drawn from a 7-day infection, shows the 

E rimary hypha (a) breaking down, but a rich growth of branching 
yphae radiates from it. This mycelium is haploid. The rapidly 
growing terminal cell of a hypha, however, may have two nuclei just 
before a septum divides it into two cells (PL 2, B, c ) Rarely, 
there may be more than two (PL 2,B,d) 

By the seventh day another change usually is noticeable. Plate 
2, C, a and 6, shows the primary hypha (divided in sectionmg) coated 
by a layer of material stammg like the host cell walls and possibly 
serving as a defense of the host against the intruder. 

This sheath persists for a time after the primary hypha that it 
incloses has disintegrated, and becomes of value in later studies. 
Whether an infected area is of monosporidial or of multisporidial 
origin may be determined by the presence of one or of more than one 
sheath in the cells of the upper epidermis 

After leaving the epidermal ceU the hyphae make their way down 
to the large air spaces of the spongy mesophyll Ordinarily, they 
follow intercellular channels, passing through the natural spaces 
between palisade cells or, in case of need, forcing a passage by splitting 


EXPLANATORY LEGEND FOR PLATE 2 

A —Four-day infection with primary hypha (6 and d) and branches forming mtereellular mycehum (o 
andc) X 1,020 

B -Seven-day infection with primary hypha (o), mycelium (c and d), and haustorium {b) X 1,020. 

0 — Seven-day infection wuth degeneratmg hypha (o and 6) msheathed m cell-wall materials, and haus- 
torium (c) X 1,020 

D -Three-cell haustorium or hypha (a) in palisade cell of 4-day mfection X 1,020 

E -Eleven-day infection with remnant of primary hypha (a) ^ving rise to the hypha c-~d which passes 
through the pahsade cell X 1,020 




Study of Heterothalhsm in Puccinia tnticina 


Plate 2 



POR EXPLANATORY LEGEND SEE OPPOSITE PAGE 





for explanatory legend see opposite page 



738 Journal of Agricultural Research Voi 44 , ko 10 


in two the wall between two palisade cells (PI 1, Di, d, and E, 
a and d ) 

More rarely a hypha will attempt to grow through a palisade cell. 
Plate 2, D, a, shows a 3-cell hypha in a palisade cell It is inter- 
mediate in character between a hypha and a haustoriiim and perhaps 
would not have grown further. In Plate 2, E (from an 1 1-day infec- 
tion), however, the attempt to grow through a palisade cell has been 
successful From the primary hypha (a), now disintegrated and mis- 
shapen, a hypha (c) entered the palisade cell (b-e), grew down through 
it and then out at d The palisade cell and much of the hypha within 
it are dead 

The developing mycelium extracts food from the host cells by means 
of haustona These may be small, 1-cell, and unbranched, or they 
may be larger and more complicated Examples of simpler haustona 
are shown in Plate 2, C, c, and B, 6, and in Plate 3, A, c, and D, h 
Larger, branched haustoria consisting of more than one cell are 
shown in Plate 3, E, a, F, a, and G, a In old age the haustoria, like 
the primary hyphae, often become msheathed in materials staining 
like host cell walls 

SPERMOGONIA AND RECEPTIVE HYPHAE 

After six or seven days of vegetative growth, during which the 
mycelium spreads through the air spaces ot the mesophyll, reproduc- 
tive activity sets in Hyphae grow to both the upper and the lower 
epidermis, giving rise there to spermogonia (pycma) and to leceptive 
hyphae 

When a spermogonium is to form, hyphae grow to the epidermis 
(upper or lower) and form a small compact group of dense, well- 
nourished cells in contact with the epidermal layer Plate 3, A, 
shows an early stage of this process Even at this early stage there 
is a beginning of organization, for hyphae at a and d are slanting up 
toward a common center at b 

Soon after this a more definite arrangement of hyphae is evident 
In a median section through a young spermogonium from a 7-day 
infection (pi 3, B), the hyphae growing m from all sides arc definitely 
centered at b The slender hyphae at a and c, close to the epidermis 
and nearly parallel to it, will become the paraphyses. The thick 
upright hyphae at b will become the buffer cells that lift the epidermis 
and resist its pressure 

Plate 3, C, shows a later stage of development. The buffer cells 
at c have become heavy upright columnar cells pressed against the 
epidermis Their cytoplasm has taken on the open alveolar structure 
characteristic of buffer cells Growing m between the buffer cells 
from the base and sides at 6, d, and e are the first of the young sperma- 
tiophores that later will produce spermatia At a and/ are the young 


EXPLANATORY LEGEND FOR PLATE 3 

A —Detail of 7-day infection showing beginning of formation of spermogonium at a, b, and d Haus- 
toriumatc X 640 

B — Slightly older spermogonium from 7-day infection Young buffer cells at b, and paraphyses at a 
and c X 640 

p — Growmg spermogonium with buffer cells at c, paraphyses at a and /, and spermatiophores at b, d, 
and e X 640 

D — Older spermogonium from 8-day infection with buffer cells at b and e, spermatiophores at d, and 
g, and paraphyses at c and / Central cavity forming Haustorium at A X 640 

E -Two-cell haustorium at a from 7-day infection X 1,020 

F -Much-branched haustorium (o) from 9-day mfection X 1,020 

G —Decadent haustorium (a) from 9-day mfection X 1,020 
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paraphyses All these hyphae, whether basal or lateral in origin, 
are focused on the central point (c) 

A rapid increase in the number of spermatiophores follows These 
are slender tapering cells that grow in from the base and side walls 
of the spermogonium The interpolation of these new cells between 
the buffer cells (pi 3, D) causes a rapid expansion of the spermogonium 
and arches it out into a spherical mass that crushes the adjoining 
host cells as it grows As the spermogonium rounds out, a central 
cavity forms within it, lined by the tips of the spermatiophores (a, d, 
and g) The buffer cells (6 and ^), released from pressure agamst the 
epidermis, project into the central cavity. They produce no spores 
and soon wither and die 

Plate 4, A, shows a newly opened spermogonium from a 9-day 
infection The paraphyses (c and d) have pierced the epidermis 
forming the ostiole and are growing out through the opening. The 
basal part of the spermogonium forms a hemispherical shell of radially 
arranged spermatiophores, among which is still to be found an occa- 
sional buffer cell (6 and/). Spores formed by the spermatiophores 
fill the central cavity (e) and are moving out through the ostiole 
The spores are exuded in a viscous liquid, the nectar, which has a dis- 
tinctly flowerlike odor The exudate is not abundant, but serves by 
its perfume to attract insects 

The first spermogonia usually mature and open seven or eight days 
after inoculation The number of spermogonia is highly variable, 
however In 9-day infections there may be as many as a dozen open 
spermogonia, or only two or three, or none whatever 

In Puccdma tnhcina the spermogonia are about equally distributed 
between the upper and lower suriaces of the leaf A count shows 
that of 100 spermogonia m 11-day mfections, 46 opened on the upper 
surface of the leaf and 54 on the lower 

While spermogonia are developing, certain hyphae are growing 
into stomatal apertures or forcing a passageway between epidermal 
cells of the leaf. Since these hyphae reach the surface of the leaf and 
serve to receive the spermatial nuclei, the terms emergent hyphae” 
or '^receptive hyphae” have been applied to them 

In the stomata, which in Thalictrum are on the lower surface of 
the leaf, hyphae of the fungus are to be found inserted into stomatal 
apertures. Plate 4, B, shows an early step m this process A vigor- 
ous young wedge-shaped hypha (6) is pushmg between the two guard 
cells (a and c) of the stoma. Whether such a hypha can force en- 
trance into a closed stoma or must await its natural openmg is not 
known; the latter seems probable. 

Plate 4, D, shows another hypha The stoma here is cut obliquely 
In this instance several other hyphae are growmg toward the same 
stoma. These hyphae, like the mycelium producmg them, are com- 
posed of uninucleate cells Plate 4, C, shows the further develop- 
ment of a cell in a stoma The mserted hypha has grown larger and 
its broadened tip has reached the lower surface of the leaf. 


EXPLANATORY LEGEND FOB PLATE 4 

A —Mature spermogonium from 9-day mfection Paraphyses (c and d) protruding through ostiole 
Radially arranged spermatiophores (o) have formed spores fillmg central cavity («) Buffer cells (6 and/) 
X 640 

B —Young receptive hypha (6) thrust into stoma (c-c), 9-day mfection X 1,020 
C Older receptive hypha (a) in stoma of H-day mfection X 1,020 
D — Receptive hypha (a) m stoma of 9-day mfection X 1,020 
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11 single infections, all were sterile on the twenty-thii’d day, although 
at that time 9 out of the 10 multiples on the same plant bore open 
aecia. On another host plant 19 out of 21 smgles were sterile on the 
twenty-sixth day, at which time 4 out of the 5 doubles and the 4 
multiples were producmg aeciospores On still another plant 19 out 
of 21 smgles were sterile on the forty-second day after moculation, 
at which time the 8 doubles and the 10 multiples were fertile On 
yet another plant the 15 smgles were still sterile on the forty-eighth 
day. The extreme case was a plant bearing 10 sterile singles 64 days 
old At this tune the infections and the leaves bearing them were dying. 

The microscope shows that the majority of the isolated single 
infections bear both spermogonia and receptive hyphae m varying 
proportions, but the greenhouse studies show that the spermatia of a 
given rust plant can not fertilize the same plant, it is self-sterile. 

More than the expected percentage of doubles produce aeciospores. 
In a heterothallic rust which is strictly bisexual, half of the infections 
would be (+) and half (— ) In a random assortment half of the 
doubles would consist of a (4-) and a (— ), while the other half 
would consist of either two (-f ) or two (— ). In other words, m 50 
per cent of the doubles, ( + ) and ( — ) meet, and the combmation should 
be fertile, while in the other 50 per cent, both members are of the same 
sex, and the combination should remain sterile An actual count of 
doubles of ages ranging from 24 to 29 days gives 11 sterile and 31 
fertile, or about 26 per cent stenle and 74" per cent fertile A small 
amount of this is to be ascribed to accidental outside fertilization. 
In the data on single infections cited above, 4 out of 7 4, or about 5 
per cent, bore aeciospores Allowing a similar margin here for 
accidental fertilization, there is still a large surplus over the expected 
number of fertile doubles. 

THE ISOLATED INFECTION 

Material was available for a detailed study of the later history of 
the infection in which fertilization does not take place 

Reference has already been made (pi 4, B, C, and D) to the 
emergent hyphae thrust between guard cells of stomata, and to other 
hyphae (pi. 6, A) that force a passageway between cells of the upper 
epidermis. 

A hypha in a stomatal aperture is short-lived. Perhaps the 
exposure to the drier air outside of the leaf kills it Perhaps, when 
the stoma attempts to close in the course of its daily stomatal move- 
ments, the hypha gets crushed At any rate, the appearance of the 
inserted hypha soon changes In Plate 5, A, the hypha (5), which 
grew' down between the guard cells {a and c), takes the deep red stain 
characteristic of dead or dying protoplasm. 

But this does not end the matter. Other hyphae have been massing 
in the air space above the stoma, and branches from these push down 
into the stoma alongside the first Each stomatal hypha, in turn, 
dies and shrinks and another takes its place In Plate 5, B, wThich 
represents a longitudinal section through a stoma^ of an 11-day 
sterile infection, five hyphae in succession have projected into and 
through the stomatal aperture. The twm oldest (6 and e) are dead 
and two others {a and d) are dying. Only the yoimgest (c), at the 
center of the group, is stih fresh and vigorous. Plate 5, C, shows a 
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A less conspicuous formation of ‘^emergent hyphae^^ occurs at the 
upper epidermis of the leaf Plate 6, A, represents a detail from an 
il-day infection showing the upper epidermis (a) and the palisade 
layer (c) beneath it Between the two cell lathers at (i is a scant 
subepidernial mycelial growth, and from this at 6 a hypha has grown 
up between the "epidermal cells to the upper surface of the leaf It 
has not pierced the cuticle at the outer epidermal wall. 

A few of these hyphae emeige at the upper and lower surfaces 
when infections aie 7 days old and many more by the eighth or ninth 
day, but the deTelopment is not uniform A survey of 9-day infec- 
tions shows that an mfection which bears numerous spermogoma is 
apt to have relatively f ew^ receptive hyphae, while an infection with 
no spermogonia shows a rich development of these hyphae 

GREENHOUSE NOTES 

Living infections have been studied in the greenhouse. The first 
macroscopic indication of the rust is the "^fleck,^^ a minute whitish 
spot on the leaf, less than a millinieter in diameter. Flecking begins 
SLX or seven days after inoculation. A day or two later both the 
upper and the lower surfaces of the mfected area are yellow with the 
exudate, or nectar, from spermogonia, which is distinctly fragrant 

The mfections grow rapidly The size attained by an mfection 
varies with the age and vigor of the leaf and with the number of in- 
fections on the leaf Where mfections are crowded together the 
mdividual infection remains small. ^ The greatest size of the mdividual 
mfection and the greatest deformation of host tissues occur on young 
tender leaves that carry one or only a few infections. Infected 
petioles of young leaves become hypertrophied, attaining as much as 
three times the normal diameter. ^ On a young leaf blade the maxi- 
mum diameter of an isolated infection is 8 or 10 mm. The infections 
often become irregular in outline, the spread being limited more or 
less by the larger veins. The leaf becomes distorted and thickened 
m the mfected area and bulges upward. These hypertrophied tissues 
are under tension and, when slit for fixmg, the strips sprmg apart 

Owing to the fact that relatively few host plants have been avail- 
able for this work, it was necessary to fix material from time to time 
from the plants on which the greenhouse counts were made, therefore 
only a part of these mfections have been followed through to old age. 
In the greenhouse records, infections are classified as singles (isolated 
mfections), doubles (two m contact), and multiples (several confluent 
infections). 

The greenhouse studies of the rust mdicate that Pucdnia trihcina 
is heterothallic, for the isolated infection usually remams haploid 
and produces no aeciospores An occasional smgle infection develops 
open aecia, perhaps fertilized by nectar carried by a thrip or a red 
spider or by chance contact with the nectar on another infected leaf 
beneath. Some of the mfections situated fairly close together are 
singles at first, but during later growth become doubles or even 
midtiples through confluence These may develop belated aecia. 

Nearly aU the multiples and a large majority of the doubles produce 
open aecia between the eighteenth and the twenty-second day after 
inoculation. On a few of the inoculated plants the mfections were 
studi^ and counted for a considerable period. On one plant with 
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tingential (surface) view of siicli a stoma into which, as before, 
live" hyphae 111 turn have grovm It is not uncommon to find one to 
SIX hyphae in almost every stoma m the infected area 

As" stated earlier, the number of these stomatal hyphae in an mfec- 
tion vanes more or less inversely as the number of sperniogoma 
present There are few m mfections with numerous sperniogoma and 
a great many in mfections with no spermogonia 

There are apparent exceptions to this In one infected area studied, 
which at first looked like one continuous mfection, both sperniogoma 
and emergent hyphae were abimdant But careful study of the upper 
epidermis showed the presence of four primary hyphae at different 
points (one of these is showm in pi 2, E), so the appmently simple 
mfection consisted really of four closely mterwoven infections It 
would be premature to say, however, that all such cases are of multi- 
sporidial origin Only a long, careful study could determine that 
As would be expected in the case cited above, fertilization had occurred 
at one or two points. 

The amount of fungous growth back of a stoma at the time hyphae 
are pushmg into the stomatal opemng varies considerably In Plate 
5, B, the substomatal air space behind the stoma is but loosely threaded 
by scattered hyphae In Plate 5, D (drawn at lower magnification 
than the preceding), where fresh hyphae are still bemg thrust into 
the stoma, the substomatal cavity (pi 5, D, b) is filled with a dense 
fungous giowth It IS noteworthy that the entire growth at this 
stage centers on the occupied stoma Fertihzation has not taken 
place, the cells are all umnucleate It is at these points that aecia, 
fertile or sterile, arise 

In the absence of fertilization, this haploid substomatal growth 
continues for some time Plate 5, E, shows a later stage in the 
development of the sterile aecium of an 11-day infection The 
fungous mass has attained consideiable size and has undergone the 
first differentiation into an upper half (u), of short, thick cells with 
dense cytoplasm and large nuclei, and a lower half (6), of large, 
loosely spaced cells vith open vacuolate contents In both parts the 
hyphae have become more or less disarticulated, each cell roimding 
up by itself There are two stomata (c and d), both occupied by 
hyphae already dead Due to the expansion of the cells and the 
disarticulation of the hyphae these emergent hyphae can no longer 
be traced into the body of the aecium Fertihzation did not take 
place; the aecium is stiU haploid 

Reference has already been made to the occasional formation of a 
thin layer of mycelial growth beneath the upper epiderrms of the leaf 
and to the hyphae that push up from it between the epidermal cells 
These are of much less frequent occurrence than are the hyphae 
^\ithin the stomata 

Under certain circumstances the development at the upper epi- 
dernus is much greater. In studymg the living infections in the 


EXPLANATORY LEGEND FOR PLATE 5 

A — pjing stomatal hypha (6) between the guard cells (ct and c) in a 9-da> infection X 1,020 

B —Longitudinal section of a stoma of an 11-dav mfection with 5 receptive hyphae, 2 dead ib and e). 
2 dying (a and d), and 1 livmg (c) x 1,020 

C — Surface (tangential) view of stoma from an 11-day infection Within the stomatal aperture are 5 
receptive hjphae, all dead X 1,020 

D -Nine-day infection Stoma (a) filled with recepti\e hyphae, hack of which is the joung aecial 
primordium (6) X 640 

E — Older sterile aecium from an 11-day mfection, showing differentiation into a denser upper portion 
(a) and a more open lower half (6) Occupied stomata (c and d) X 640 
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greenhouse it was noted that infections on young, tender leaves make 
a more luxuriant growth and deform the leaves more than do infec- 
tions on older, tougher leaves Sections through the infections on 
young leaves show that a fairly massive fungous growth may form 
between the epidermis and the pahsade layer flate 6, C, shows 
semidiagrammatically a section through a 9-day infection There 
are no spermogonia in this mfection Under the upper epidermis is 
a continuous growth of hyphae, which at certam pomts (6, c, and d) 
has formed an upnght palisade of parallel hy^ihae pushing between 
the epidermal cells. At a is a side section through a similar mass 

Plate 6, D, represents one of these (C, b) enlarged, shomng the 
group of upnght hyphae from 6 to c and later subsidiary attempts to 
pierce the epidermis at a and e On the surface of the leaf is a dark- 
staining mass (d), presumably exuded either by the fimgus or bv 
crushed host cells. 

In only one or two cases were similar but smaller subepidermal 
growths found at the lower surface of the leaf One of these (pi. 6, E) 
occurred opposite a leaf vein where the absence of stomata prevented 
the formation of the ordinary receptive hyphae in stomata Here, 
as before, several hyphae have squeezed m between epidermal cells, 
and others are growing in the same direction The whole structure 
(pi. 6, E) is focused at a, where the hyphae have separated two epi- 
dermal cells. And here, as m the other cases, the cuticle of the outer 
epidermal wall is still intact, so that these hyphae are not leally ex- 
posed to the outside air. 

The nature of these anomalous structm'es is imknown, but since all 
gradations can be found, from the smiple hypha between epidermal 
cells m Plate 6, A, to the more massive growth in Plate 6, D, it 
is probable that they are of the same nature. They occur in infec- 
tions without spermogonia but with abundant hyphae m the stomata 
of the lower epidermis The presumption is that the hyphae be- 
tween epidermal cells, whether occurring singly or m groups, are 
receptive in nature. The similarity in structure between the group of 
hyphae in Plate 6, E, and the aecial primordium shown in Plate 5, D, 
is unmistakable 

The similarity stops at this point. No case has been noted of a 
sterile aecium developing either in connection with a smgle hypha 
between epidermal cells (pi. 6, A) or adjoirung the more massive 
structures (D and E). In the absence of fertilization these structures, 
once formed, persist without developing further, so far as known, and 
become gradually decadent Plate 6, B, shows a small group of these 
hyphae between epidermal cells from a 22-day infection The cells 
are nearly dead and still haploid, and the mycehimi beneath consists 
of a loose tangle of ordinary h 3 q)hae. 

The earlj^ stages of growth of the sterile aecium (pL 5, D) are cen- 
tered on the receptive hyphae in a stoma In the later development 


EXPLANATORY LEGEND POE PLATE € 

A -Eleven-day mfection Between the upper epidermis (a) and the palisade layer (c) is a scant m> celial 
growth (d) from which a hypha (6) has grown up between epidermal cells X 1,020 
B —A group of similar cells, now dymg, between epidermal cells in a 22-day infection X 640 
C —Diagram of leaf with 9-da5 mfection showmg subepidermal growth, bearmg groups of upright hyphae 
between epidermal cells (c, b, e, and d) Receptive hjphae m stoma (e) Normal thickness of leaf (f) 

D —Group of upright hjphae C6-c) growing between epidermal cells of 9-dav infection and subsidiary 
h> phae that attempted to ‘grow between epidermal cells (a and e) Exudate (dj X 640 
E -Similar group of hyphae emerging between cells of lower epidermis (a) next to a leaf vein m a 9-day 
infection X 640 
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the fimgous growth above adjoining stomata may become confluent, 
forming one aecium This is usually the case m the larger aecia 
Plate 5, E, shows two occuined stomata (c and d) Plate 7, A, shows 
an aeemni, from a 15-day stenie infection, ^rith thi^ee sets of receptive 
hyphae in the stomata (a, b, and c) and others in adjoining sections 
"The leaf tissues in this case have become hypertrophied Plates 
6, C, and 7, A, are drawn at the same magmfication. The leaf now 
(pi. 7, A) IS between two and three times the normal thickness as 
seen m Plate 6, C,/ The aecium {d-e) extends through more than 
half the thicloiess of the overgrown leaf 

The aecium is still haploid. All its cells are uninucleate (pi 7, A), 
both the smaller ones m the upper region {e) and the large ones in the 
more open area below {d) 

Plate 7, B, shows, at higher magmfication, a stop through a large 
stenie aecium of a 30-day infection. It is still hving, but decadent 
Eemnants of the stomatal hyphae may still be seen at a. The cells 
are unmucleate throughout. 

In the great majority of the stenie aecia examined the cells remam 
uninucleate until death, but a few exceptions occur. In Plate 7, C, 
which shows a detail from a sterile aecium vith every evidence of 
deterioration, there are a few multmucleate cells. Even these have 
an impovenshed appearance, with scant cytoplasm and large vacuoles 
The amount of hypertrophy of the leaf and the size attained by the 
stenie aecium vary greatly in different infections Plate 7, D, from 
a 22-day mfection, shows a cross section of a leaf dravm at the same 
magmfication as that shown in Plate 7, A. The contrast between 
the two in respect to the thickness of the leaves and the size of the 
aecia is marked. In one (pi 7, A), an mfection without spermogoma, 
the leaf is much thickened and the aecia are large; in the other (pi. 7, 
D), an infection bearing spermogoma, the leaf is less thickened and 
the sterile aecia are relatively small. The aecia here (D, 6) are not 
only smaller but also less differentiated. A bit of the aecium shown 
in Plate 7, D, is enlarged in Plate 7, E 
In the end the aecia of the isolated infection die without producing 
spores Plate 8, A, shows a small dead aecium of a 42-day infection. 
Even here the remnants of receptive hyphae can be seen at a 

It was noted earlier that infections of Puccima triticina vary widely 
in the proportion of spermogonia to receptive hyphae ^ This difference 
persists into old age. One 42-day infection, a section of which is 
shown in diagram (pi 8, B), bore 103 spermogonia, and only 23 
small sterile aecia. Another 42-day infection of the same lot of mate- 
rial, shown in diagram (pi 8, C), bore over 200 sterile aecia but had 
no speiniogonia whatever A comparison of the two diagrams shows 
other differences They are drawn at the same magnification (X 33). 
In the spermogonial mfection the hypertrophy of the leaf is slight; in 
the aecial infection it is much greater. The aecia of the spermogomal 
mfection (pi 8, B, / and h) are mmute; those of the aecial infection 


EXPLANATORY LEGEND FOR PLATE 7 

A.— Senudiagrammatic drawing of cross section of a hypertrophied leaf bearing large sterile aecium, 
d~e stomata with emergent hyphae (a, 6, and c), 15-day mfection X 115 
B —Narrow stnp through a large sterile aecium from 30-day mfection Receptive hyphae (a) X 640 
C —Multmucleate cells from stenie aecium from 22-day mfection X 640 
D —Diagram showmg cross section of leaf with spermogoniom (a) and sterile aecium (6) x 115 
E.— Enlarged detail from aecium m D. X 640. 
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(pi 8, C, ( 2 , 6, c, c?, e, and/) are variable m size, but on an average 
are several times as large as in the spermogonial infection. 

The sperniogoma of the old sterile infection (pi 8, B, a, b, c, rf, e, 
and g) are for the most part nonfunctional, but a few are still active 

THE FERTILE INFECTION 

The surface of the Thalictrum leaf is waxy. When infected leaves 
of Thalictrum are fixed, the external spermatia wash off, either in the 
fixmg fluid or during the subsequent washing and dehydrating In 
shdes made from paraffin sections, spermatia of Puccinia triticina are 
rarely seen except inside the spermogonium or adhering to its para- 
physes On this account the actual entering of spermatial nuclei into 
receptive hyphae has not been seen Perhaps it could be done by 
making free-hand sections of livmg infections 

After a spermatial nucleus has entered the hypha, however, it is 
secure against the processes of the technic and can be found in the 
stained sections That nuclei do appear in the receptive hyphae, 
often in considerable numbers, after the application of spermatia to 
the surface of an infection is amply demonstrated. 

In the unfertihzed infection (pis 5, 6, 7, and 8) the emergent hyphae 
and the sterile aecia of different ages are, in general, composed through- 
out of uninucleate cells Upon being fertilized the multinucleate 
condition is found, first, in the hyphae at the epidermis, and later at 
points more remote from the surfaces of the leaf. 

Plate 9 shows details from newly fertilized infections In Plate 9, 
B, is a longitudinal section of a stoma in which there is one stomatal 
hypha (6) contaimng two nuclei, and another (a) containing four 
nuclei In Plate 9, C, fertilization occurred at two stomata that 
were contributory to the same aecium The receptive hypha a con- 
tains 3 nuclei, b has 6, and c has 5. In cases like that shown in Plate 
9, A, it IS uncertain whether the sporophytic cells a and 6, some dis- 
tance above the stoma, are derived from a hypha at the stoma c or 
from some other stoma near by. 

Plate 9, D, a, shows a hypha the tip of which reached a stoma in an 
ad]oming section at a position correspondmg to the point b. It con- 
tains 11 nuclei. The number of nuclei entering an emergent hypha 
would appear to be limited by the available suiiply of spermatia out- 
side rather than by any saturation point within the hypha. Of 
corpse it is possible,'^ but less likely, that only one nucleus enters, 
which immediately divides rapidly 

Sometimes accessory points of fertilization are formed by hyphae 
between cells of the lower epidermis In Plate 9, E, is a group of 
emergent h 3 rphae (a, 6, and c) not unlike the groups at the stomata in 
appearance One contains 2, one 4, and one 6 nuclei So far as the 
microscope reveals, both the cuticle of the leaf and the walls of the 
hyphae themselves are still intact The entrance of the spermatial 
nucleus has not left a visible pore 

Plate 9, F, a and 6, shows a similar instance. In this case the hy- 
pha b is flattened against the cuticle and two very minute nuclei are 
just inside the cell, perhaps having just entered. 
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A —Small, dead, sterile aecium from 42-day mfection Remnant of receptive hjrphae (o) X 640 
Bi— Diagram of 42-day spermogonial infection with spermogoma (fl, b, c, d, e, and g) and small sterile 
;cia if and ft) X 33 , . ^ 

C —Diagram of 42-day aecial mfection, showmg large sterile aecia («, o, c, d, and/) X 33 
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Less frequently, fertilization occurs at the upper epidermis Plate 
is G, shows a hrpha ih) that giew up between epidermal cells and 
pushed along for a short distance beneath the cuticle Fertilization 
occiUTed, followed by sporophytic growth from the base of the cell 
Theie are still 2 nuclei in the^ base of the hypha, and from 2 to 5 
nuclei m near-bv cells {a, c, and d), 

Plate 9, H, shows an unusual case Some minor injury to the leaf 
killed a single epidermal cell («), and there are a few sporophytic cells 
(5 and c) just beneath the dead cell Apparently, fertilization was 
effected through the dead cell It may be that the outside air, enter- 
ing through the dead, withered host cell, served as the stimulus that 
attracted hyphae to this point Perhaps it is a positive aerotropic 
response that brings all the emergent hyphae to the leaf surface, 
whether m stomata, between epidermal cells, or at dead epidermal 
cells 

No aecial pnmoidia have been found beneath the upper epidermis 
m these cases The sporophytic hyphae grow down between the 
pahsade cells and out into the spongy mesophyll In Plate 9, G, the 
hypha at n is just pushing a branch into the space between two palisade 
cells In Plate 9, 1, the hypha at u, containing five nuclei, has almost 
reached the mesophyll "Other sporophytic hyphae have been found 
traversing the air spaces of the spongy tissue and above young aecia 
No one sporophytic hypha can be traced from a receptive hypha at 
the upper surface to an aecium, but the probability is that the fertili- 
zations at the upper leaf surface contribute to the sporophytic growth 
in the aecia beneath them, either by growth of new sporophytic hyphae 
or b}" progressive ^‘diploidization'^ of the already existing mycelium, 
accomplished by successive nuclear divisions and migrations 

Soon after the introduction of spermatial nuclei_ into the receptive 
hyphae the haploid component of the aecial primordium becomes 
permeated throughout by scattered cells contammg two or more 
nuclei (PI 10, A ) The question anses as to the mode of distribu- 
tion of the sporophytic generation from its point or points of origin 

Plate 10, B, shows a young aecium in which the haploid hyphae are 
still so loosely spaced that unusual opportimity is afforded for tracing 
out the course of individual hyphae. A group of hyphae centers on 
the stoma at d One of these hyphae, which grew down from u, is 
now dead tlnoughout most of its length, but near the stoma has given 
lise to a sturdy diploid hypha that has grown up to c, at which point 
it passes out of the plane of the section Another diploid hypha 
growing upivard from the receptive hyphae at the stoma is unbranched 
m its early progress but between c and h has given rise to five young 


EXPLANATORY LEGEND EOR PLATE 9 

A —Stoma (c) with sporophytic cells (a and b) above it, 11-dav infection X 640 
B — Longitudmal section of a stoma occupied by receptive hjphae, two of which (a and b) are multi- 
nucleate, 11 day infection X 640 

C —Fertilization at two stomata contributorj to one aecium Multmucleate receptive hy phae (a, b, and 
11-day mfection X 640 

D — Reeeptix^e h^l)ha, a, with 11 nuclei, leading to stoma near b in next section, 11-day mfection X 640 
E — Group of fertilized hyiihae (a, 6, and c) emergmg between epidermal cells adjoming an aecium, 
11-day mfection X 640 

F — Fertilized emergent hyphae (a and 6) between cells of lower epidermis X 640 
G —Emergent hypha (b) at upper epidermis with sporophytic cells (a, c, and d) near by, 11 day mfection 
X 640 

H —Dead host cell (a) m upper epidermis w ith sporophytic cells (b and c) beneath X 640 
I —Sporophytic cell (a) growmg down between palisade cells from subepidermal region, 11-day infection 
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branekes The aoute angle that the branches make with the parent 
hypha shows that the direction of growth is away from the stoma, not 
do^mward toward it Again, m Plate 10, C, from an older aecium 
with denser growth, a diploid hypha can be traced from not far 
from a stoma, upward, unbranched at fii’st, then branchmg freely 
to right and left between d and a It appears, then, that fresh growth 
from tjbe fertilized stomatal hyphae distributes the new sporophyte 
generation through the upper area of the groi^ung aecium 

In these cases (pi 10, B, a and c, and C, a, &, r, d, e, and/j the cells 
are binucleate Newly fertihzed hyphae may contain from one to 
many introduced nuclei m addition to the single native nucleus. 
It is not clear how nuclear pans could be established so quickly when 
many nuclei are introduced mto a hypha It nmy be that in cases 
like Plate 10, B, C, and E, where the sporophytic cells contam only 2 
or 3 nuclei, comparatively few nuclei were mtroduced at the outset 
And in cases hke Plate 10, A, where cells 'v\dth 2 to 9 nuclei are found 
dispersed throughout the aecium, and Plate 11, A, where nuclear 
conditions are still more extreme, the original addition of nuclei may 
have been more abundant 

In the aecium shown in Plate 10, A, there is a beginning of differ- 
entiation mto areas, vacuoles are appearing in the cells of the lower 
part of the aecium This change affects gametophytic and sporo- 
phytic cells alike throughout this area 

Plate 10, D, represents seimdiagrammatically a somewhat older 
aecium in which this differentiation is weU established There is now 
an area in the lower part of the aeciimi, shaped hke a thick biconvex 
lens, composed of large, nearly empty cells that aie rapidly djung. 
This area is capped by a thick layer of smaller, denser cells that will 
later give rise to the spores A median strip thiough this aecium 
from top to bottom is shown enlarged in Plate 10, E. The contrast 
in cell size and cell content between the sporogenous area (a) and the 
“space-making’' area (6) is marked Eenmants of hyphae are stiU 
present in the stoma (d), but it is no longer possible to trace any con- 
nection between them and the upper part of the aecium. 

The sporophytic cells (pi 11, A) of the sporogenous area (a-c) 
contam from 2 fo 12 nuclei There are also multinucleate cells m the 
space-making area (A, 6), but they are dying It seems probable that 
the abundance of nuclei in this case (A) has been continuous since 
fertilization, especially as younger aecia can be found with the same 
nuclear condition; but this can not be taken for granted It is possible 
that at an mtermediate stage rapid growth and cell division reduced 
the number of nuclei per cell and that later the growth conditions in 
the sporogenous area favored rapid nuclear divisions, giving rise to 
the condition found here. 

From one cause or another, the average number of nuclei in sporo- 
phytic cells of aecia of this age varies wudely. Sooner or later, how- 
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A —Young fertile aecium showmg mixture of gametophj'tic and sporoph 5 t*c cells Sporophytic cells 
with two to nme nuclei, ll-day infection X 640 

B. — ^Young fertile aecium showing growth of sporophytic hyphae (fi and b-c) from fertilized hjphae at 
stoma d, dead hypha at a, 11-day infection X 640 

C —Portion of young fertile aecium with sporophytic hypha gro'wmg from e, near stoma, to a, with 
branches (6, c, d, and/)» 11-dav mfeetion X 640 

D —Diagram of older fertile infection from ll-da\ mfeetion X 115 

E —Portion of aecium from D enlarged, showmg sporogenous area (aj, the space-makmg area (6>, finer 
hyphae (c), and remnants of receptive hyphae (d) X 640 
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ever, tlie bimicleate condition prevails m the sporopliytic component 
of the aeciiim This may come while the aeciiim is still young or may 
be defeired until spore formation has begun In the newly fertilized 
emergent hypha, 1 native nucleus and from 1 to 10 introduced 
nuclei have Seen obseived In the final bmucleate condition, a nuclear 
pair IS supposed to consist of one male and one female nucleus Just 
how the oiigmal disparity is changed into the final equahty and 
regularity is "not clear. It could be achieved by an unequal rate of 
nuclear division in the native and introduced nuclei It may be 
accomplished by supplementary fusions with haploid cells, although 
no evidence of this has been seen 

Soon after the stage represented in Plate 11, A, cells of the sporog- 
enous area begin to grow downward into the space-making area to 
form the mitial cells of the spore chains Plate 11, B, represents an 
aecium from an 11-day infection in which the layer of basal cells (a) 
IS just forming 

Details from the layer of basal cells of this aecium and others of 
the same stage are showm in Plate 11, C to H When a cell in the 
sporogenous area pushes down to assume the function of a basal 
cell, it may grow from one end or from any point along its length. 
Plate 11, (jr, shows several young basal cells, some binucleate and 
some multmucleate In three of these the basal cell is merely a con- 
tinuation of the ordmpy apical growth of the hypha. In the fourth 
(pi 11, G) the hypha is pushmg down at two points {a and 6). Plate 
11, E, represents another group of young basal cells The penulti- 
mate cell of one (a) is pustnng out a branch to form a second basal 
cell In Plate 11, H, in which a yoimg spore chain is initiated, one of 
the upper cells of the hypha (a) is pushing out a branch This multi- 
plication of basal cells by branching is common. In Plate 11, J, 
from an older aecium, the common stem (a) has given rise to two 
main chains of spores, with a younger one starting at c and a possible 
fourth pushing out at 6. 

When a cell extending horizontally pushes down a branch from its 
center to form a basal cell, the result simulates the 24egged cell 
described m rust literature In Plate 11, D, the irregular cell (a-b) 
has started to form a branch at c In Plate 11, C, the branch (c) 
is somewhat longer In Plate 11, F, the centrally placed branch (a) 
of the curved ceU (c-6) has become a fully formed basal cell with one 
spore mother cell Figures like this have been interpreted as meaning 
that two haploid cells (as in pi 11, F, c and 6) fused at their tips, then 
grew^ down from the point of fusion to start the diploid spore chain. 


EXPLANATORY LEGEND FOR PLATE 11 

A —Portion of sporogenous area of aecium from 16-day infection Multmucleate cells (a, 6, and c) 

640 

B —Diagram of aecium with basal cells forming at a, i6-day infection X 115 

C — Early stage m formation of basal cell (c) from center of curved cell (a-6) X 640 

D —Irregular cell (a-6) from sporogenous area Begmning of basal cell (c) Sixteen-day infection. 
X 640 

E —Detail from sporogenous layer showing young multmucleate basal cells Branch forming at a 
Sirteen-day infection X 640 

F —Two-legged basal cell (a, 6, and c), 16-day infection X 640 

G —Group of young basal cells containmg two to six nuclei Hypha Ca-i>) pushmg down at two points 
Sixteen-day infection X 640 

H -^'oung spore chain branched at a, 16-day infection X 640 

I —Diagram of maturmg aecium with basal cells at a, 16-day mfection X 116 

J —Detail from aecium m I showmg two spore chains from one hypha (a), a third spore cham started at 
c, md perhaps a fourth at b Spore mother cells (d and «) and intercalary cells (f and g) Sixteen-day 
infection X 640 

K —Diagram of open aecium from 20-day mfection X 115. 
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Such an interpretation would be obviousl}’ incorrect in Puccinia 
triticina, as the sporophj^te generation started long before these cells 
were formed 

"^Yhen first formed, the basal cell mar contam from two to eight 
nuclei (PL 11, E and G ) An eren number of nuclei is usually 
found, but these are soatteied irregularly, not in pairs. The extra 
nuclei are utilized in supplymg nuclei to the first cells of the spore 
chain, and by the tmie the chams are well established the basal cells 
are regularly binucleate (PI 11, J ) 

The first cells formed by the basal cells are the spore mother cells 
Each of these divides into two — a large cell, the definitive spore, and 
a ver 3 ^ small mtercalary cell The intercalary cell (pi 11, J,/ and g) 
is seen attached to the spore as an inconspicuous slice from one 
side 

As the parallel, closely packed chains of spores from the basal cells 
lengthen, they push down into the area of looser dead cells below, 
crushing them as they grow The peripheral layer of basal cells 
gives nse to the peridium, a continuous sheath, one cell thick, mclosmg 
the spore mass Plate 11, I, shows a maturing aecium of a 16-day 
mfection, and Plate 11, K, an open aecium from a 20-day infection. 
The diagrams in Plate 11, B, I, and K, are drawn at the same magnifi- 
cation and show the great mcrease in the size of the aecium after 
spore formation sets in, and also the increase in the thickness of the 
host leaf bearing it. 

DISCUSSION 

The entry of the sporidium into the epidermal cell and the forma- 
tion of the primarj^ hypha and its mode of branching are very similar 
m Puccinia graminis (1) and P. triticina 

Older primary hyphae and older haustoria of Puccinia triticina 
become incased m a layer of material stammg like the host cell walls 
and presumably deposited by the host cell. In the case of some 
invadmg parasites, e g , Ophiobolus graminis Sacc on wheat roots 
{11), waU materials are continually bufit up around the advancing tip 
of a hypha as it forces its way mto a cell, resulting in the finger- 
shaped “hgmtuber,” through the end of 'which the hypha may 
finally escape into the cell lumen In P, tnticina entrance mto a host 
cell appears to be unimpeded, but later the fungus may become 
insheathed by waU materials This sheath is probably a partial 
defense of the host against the intruder 

Dodge {10, p 1751) and others “choose to 'view today the picture 
of the rust life cycles against the background of a red alga ancestry 
The finding of functional receptive hyphae in the rusts adds mterest 
to such compansous and increases the probability of phylogenetic 
relationship between the two groups No generalizations can be 
made, however, until it is kno'wn how 'widespread and how varied this 
mode of fertilization is among the rusts _ 

In Puccinia tnticina functional receptive hyphae form at both the 
upper and the lower surface of the leaf By far the greater number, 
however, are in the stomata of the lower surface, and it is here that 
fertilization ordinarily takes place. Fertilization is doubtless aided 
by the distribution of the spermogonia, at least half of 'which open 
upon the lower surface of the leaf. Because of this, visiting insects, 

1217C^r-32 2 
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bilities and so affect the percentage of fertile doubles Hartmann 
(IS) and Ejiiep (14) have summed up a number of more or less 
similar cases found among the algae and fungi 

In hybridizing varieties of Pucdnia gramims, Stakman, Levine, and 
Cotter {18) obtained several physiologic forms from the spores of one 
aecial cup. On the other hand, in crossing physiologic forms, Newton, 
Johnson, and Brown (f 5), as a rule, isolated but one physiologic form 
from one aecium The occurrence of only one or of more than one 
physiologic form depends on whether the sporophytic growth in any 
one aecium is descended from a single pair of conjugate nuclei (or 
several similar pairs) or from several unlike pairs In P. triticina the 
mechanism of fertilization is certainly adequate to permit several 
physiologic forms to enter into the composition of one aecium. With 
several hyphae emerging at one stoma and several occupied stomata 
underlying one aecium, and with occasional accessory points of fer- 
tilization between epidermal cells of the lower epidermis and a still 
further possible contribution of fertile hyphae from a fertilization at 
the upper epidermis, there is ample opportunity for the introduction 
of spermatial nuclei Any one of these receptive hyphae may receive 
from one to a dozen outside nuclei But while the facilities for fer- 
tilization would permit the mtroduction of several physiologic forms, 
it would be uncommon m nature for spermatia of several forms to 
mmgle on so small a part of the leaf surface as to enter the same 
aecium. 

The mechanism for the distribution throughout the aecium of the 
introduced nuclei is not fuUy worked out. Buller (5) finds that in 
Coprinus lagopus Fr , when two haploid mycelia of opposite sex meet, 
there is a progressive diploidization of each mycelium by the other, 
effected by repeated nuclear divisions and migrations. A hypha of 
one mycelium touches a hypha of the other mycehum, fuses with it, 
its nucleus moves over, then divides, and one of the daughter nuclei 
moves on into the next cell This m turn divides, sendmg on one of 
the daughter nuclei into the next ceU In this way both mycelia are 
rapidly transformed into diploid myceha, each cell of which has a 
pair of conjugate nuclei of opposite sex 

In Puccinia triticina an mdefimte number of nuclei may be intro- 
duced into the haploid receptive hypha Branches from this hypha 
originate either near the stoma or farther up in the aecium. These 
branches may be binucleate from the beginning, but are often com- 
posed of multinucleate cells, the nuclei of which look alike After 
the initial difference m size between spermatial nuclei and aecial 
nuclei is lost, there is no means of identifying male and female nuclei 
The nuclei do not lie in pairs, but are scattered irregularly through the 
cytoplasm Eventually, the binucleate condition is achieved by a 
more rapid rate of division of the native nuclei, by nuclear migrations, 
or by cell fusions between adjoining cells. These processes have 
not been seen, but their existence seems probable. From what is 
known of other fungi with conjugate nuclei it may be concluded that 
in the aeciospore one nucleus is of male and the other of female descent, 
but it would not be possible to prove this in P. triticina 

In Pucdnia triticina, sporophytic growth in the aecium is well 
established before the layer of basal cells is differentiated. As a 
consequence, basal cells are formed, ordinarily at least, by cell 
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attracted by the nectar and going from one infection to another, may 
transfer spermatia to the lower as well as to the upper surface of the 
leaf, 

Aecia, so far as noted, form only m connection with stomatal 
hyphae at the lower surface of the leaf No sterile aecia have been 
found beneath the upper epidermis Earely a fertile aecium opens 
on the upper surface, but since the history of its development is 
unknown it is uncertain whether it started with a fertilization through 
the upper epidermis or through stomata of the lower epiderims Fer- 
tilization takes place occasionally at the upper epidermis, but sporo- 
phytic hyphae initiated there apparently become effective only by 
growing downward and becoming part of an aecium below 

The fertilization of emergmg hyphae at points some distance from 
an aecium and the spread of sporophytic mycelium from these points 
may explam some of the hitherto baffling cases of intermingled 
sporophytic and gametophytic myceha in the rusts Sporophytic 
hyphae have been found mingled with the mycelium of the gameto- 
phyte generation by Blackman and Fraser (4)> Olive (17) j Lmdfors 
(15)j Walker (19), Allen (1, £), and others 

The word “spermogonium” implies a male structure It should 
not be forgotten, however, that when nectar is interchanged between 
two infections of different sexes each fertilizes the other Genetically, 
as Craigie (8) pomted out, the spermogonia of one infection are of one 
sexual group, while the spermogonia of the other infection are of 
another group 

The majority of the infections bear both spermogonia and emergent 
hyphae, so the haploid generation must possess the genetic basis for 
both structures The proportion of spermogonia to emergent 
hyphae, however, varies widely in different cases, some infections 
bearing many spermogonia and few receptive hyphae, others fewer 
spermogonia and more receptive hyphae, and a few no spermogonia 
and manv receptive hyphae Whether this is due to differences in the 
envn'onment or to genetic differences in the individuals is not certain 
The host plants were given similar treatment Infections of the 
same age, borne on the same host plant at the same time and resulting 
from the same inoculation, showed the full range of variation As 
great a variation in the proportion of spermogonia to aecia was found 
in infections on younger leaves as was found on older leaves If this 
variation is the result of varying conditions m the host or in the exter- 
nal environment, it is not clear what factors could be responsible for it. 

On the other hand, data at present available are not sufficient to 
prove that the differences are genetic m origin Of interest in this 
connection is the fact that an isolated gametophyte, although pos- 
sessing both male and female organs, remains haploid throughout its 
life, and that three-fourths of the double infections (instead of the 
expected one-half) prove fertile The number of doubles under 
observation was not great enough to give much weight to this evi- 
dence, but it at least suggests that m Puccima tr%t%c%na more combi- 
nations prove fertile than would be expected if the infections could 
be divided exactly into two equal groups, one (+) and one (— ) 
Further experiments directed toward a genetic analysis of the situa- 
tion might reveal varying degrees of genetic ''maleness'' and "female- 
ness" expressed morphologically in the varymg proportions of male 
and female organs. This might determine the range of mating capa- 
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during the organization of the sporogenous area Young basal cells 
contain from two to eight nuclei The extra nuclei are utiKzed in the 
formation of bmucleate spores, and eventually the basal cells be- 
come regularly binucleate. 
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division and not by fusion Sometimes a false appearance of fusion 
is given when a long horizontal cell pushes down a branch at its^ center 
to form the basal cell, thus simulating the 2-legged cell described in 
rust literature For many years 24egged cells have been interpreted 
as meaning that two haploid hyphae meet at their growing tips, fuse 
at the point of contact, and give rise at this point to a^ownward- 
growmg binucleate cell, but it is evident that the presence of a 2- 
legged basal cell is not in itself proof of fusion In the past the pres- 
ence of a few 2-legged cells in the layer of basal cells has sometimes 
been the only evidence offered that the sporophyte originated by 
fusion of pairs of uninucleate cells in the sporogenous area in the 
aecium Without a study of younger stages, there is a risk of error 
in this assumption. 

SUMMARY 

Puccima tnticina Eriks , the leaf rust of wheat, has its gametophyte 
generation on species of Thalictrum The sporidmm, formed by the 
germinating teliospore in the sprmg, is a haploid spore, and when it 
falls upon a Thalictrum leaf it germinates, enters directly through the 
outer epidermal wall, and forms a 4-cell to 6-cell primary hypha in the 
epidermal cell, which in turn gives rise to haploid intercellular myce- 
hum. 

After six or seven days of vegetative growth, reproductive activities 
set in Spermogonia form in about equal numbeis at the two sur- 
faces of the leaf At the same time receptive hyphae grow into 
stomatal apertures or between epidermal cells of the upper or the 
lower epidermis On young tender leaves an extensive growth of 
mycelium may be present beneath the upper epidermis, giving rise to 
groups of upright hyphae pushing up between epidermal cells 

Puccima tnticina is heterothalhc A monosporidial infection may 
bear both spermogonia and receptive hyphae, but if kept isolated it 
remams haploid Three-fourths of the double infections (i e., two 
in contact) produce open aecia 

A comparative study of infections of the same age shows that some 
have many spermogonia and few receptive hyphae, others have com- 
paratively few spermogonia and more receptive hyphae, and a few 
have no spermogoma and abundant receptive hyphae 

In the substomatal air space above a stoma occupied by one oj- 
more hyphae, other hyphae grow and branch rapidly, forming a dense 
litrie nest of cells, the beginning of an aecium In the absence of 
fertilization this haploid aecium grows, undergoes the first differen- 
tiation into areas, then slowly deteriorates, and dies without foiming 
spores 

When spermatia from another and different infection are brought 
to an infected area, spermatial nuclei enter the tips of the receptive 
hyphae There may be from 1 to 10 spermatial nuclei in each of these 
hyphae. Fertilization takes place most frequently at the stomata, 
but may occur also in hyphae emergmg between epidermal cells of 
the lower and the upper surface of the leaf 

Growth from these fertilized cells permeates the aecium Cells 
of sporophytic hyphae may contain 2 nuclei, but usually contain 
more sometimes 8 or 10, This multmucleate condition may persist 



RESTORATION OF VIRULENCE OP ATTENUATED CURLY- 
TOP VIRUS BY PASSAGE THROUGH STELLARIA MEDIA^ 


By C F Lackey 2 

Assistant Pathologistj Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agnculture 

INTRODUCTION 

In preliminary reports the writer {6^ 8Y announced briefly the 
restoration of the virulence of sugar-beet curly-top virus after it had 
been attenuated by a very resistant host What appear to be similar 
cases of this phenomenon with pathogenic organisms that have be- 
come attenuated have been reported frequently in animal pathology. 
For example, Pasteur, Chamberland, and Roux {9) reported that 
exposing the anthrax organism to a certain degree of heat so reduced 
its infective power that it was barely able to kill day-old guinea pigs 
However, when the attenuated organism was passed successively 
through several day-old guinea pigs, it gradually increased in viru- 
lence until finally it was able to cause the death of a sheep 

The term ''attenuation,^^ as used m this paper with reference to 
curly-top virus, means the reduction in the ability to infect and 
in the power to produce severe symptoms. Of the two criteria used in 
determining attenuation, the mildness of symptoms produced is 
considered more important than the percentage of infection obtained. 

In plant-disease literature there are several examples that appear 
to be cases of virus attenuation Johnson (>^), by means of heat, 
succeeded m attenuating the mosaic virus of tobacco to such an 
extent that it produced only a small percentage of mfection and very 
mild symptoms as contrasted with the effect produced by the un- 
treated virus He was unable to restore the virulence to this virus 
by repeated passages through susceptible tobacco plants. Later 
Johnson and Ogden (J) succeeded in occasionally producing an 
attenuated condition of tobacco mosaic virus by bubbling air and 
oxygen through the extract of green mosaic plants This attenua- 
tion of the virus was similar to that produced by heat, remaining 
stable through several subsequent transfers These two cases of 
virus attenuation correspond closely to the kind of attenuation dis- 
cussed m this paper. 

Salaman {10) reports modification of the symptoms of crinkle A, 
a virus disease of potato, after the virus had passed through Datura 
These symptoms did not resemble a mild form of the ongmal crinkle 
A, but rather a mild mosaic When transferring crinlde A to 
several varieties of potatoes by grafting he secured crinkle on some 
varieties but mosaic symptoms or acute streak symptoms on others. 
While the evidence is inadequate to settle the problem definitely, he 
suggests the possibility that he was working with a mixture of viruses 
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out on the Chenopodiiim. The nymphs gave the same results as the 
adults. 

The virulent virus, for comparison, was transmitted to test beets 
by means of leaf hoppers reaied on a severely diseased beet 

The beets used in this experiment to test the virulent and attenu- 
ated virus were susceptible plants m the fourth true leaf stage, and the 
leaf hoppers from the two sources, beet and Chenopodium, were caged 
on the young beets for thi*ee days These insects were confined on a 
true leaf of each beet by means of celluloid cylinder cages. Two leaf 
hoppers to a plant were used in some cases and 10 leaf hoppers in 
others The results obtained are given in Table 1. 

Table 1 — Results of inoculation of susceptible sugar beets with different numbers 
of leaf hoppers carrying either the attenuated or the virulent form of curly-top 
virus 

[Leaf hoppers caged on beets for four da>s] 


Number of insects used and form of virus 

Beets in- 
oculated i 

■ ■ ■ 

Beets infected 

Tj pe of symptoms 

2 leaf hoppers with attenuated virus 

Number 

22 

Number 

8 

Per cent 
36 

Mild 

10 leaf hoppers with attenuated virus 

38 

21 

55 

71 

Do 

2 leaf hoppers with virulent "virus 

41 

29 i 

Severe 

10 leaf hoppers with "virulent virus 

29 


83 1 

Do 



This experiment, confirming previous work with Chenopodium 
muralcj shows the attenuated nature of the virus obtained from this 
host plant It shows also that the symptoms were mild irrespective 
of whether 2 or 10 leaf hoppers were used It is to be noted that 
10 leaf hoppers bearing the attenuated virus from Chenopodium pro- 
duced 55 per cent infection, while 2 leaf hoppers harboring the virulent 
virus produced 71 per cent infection, severe symptoms being produced 
in all cases where the virulent virus was concerned 

In carrying along a stock of the attenuated virus, from 50 to 80 
leaf hoppers have been caged on young beets m the fourth to sixth 
leaf stage and the resulting symptoms have remained mild, on the 
other hand, 1 leaf hopper harboring virulent virus has produced severe 
symptoms on a young growing beet if it succeeded in infecting the 
beet at all. 

It IS evident from these results that the greater the number of insects 
used to inoculate the beet the greater is the percentage of infection 
obtained. It is also apparent that 2 leaf hoppers carrymg virulent 
virus may cause a higher percentage of infection and severer symp- 
toms than 10 insects canymg attenuated virus Since as great a 
number as 80 leaf hoppers with the attenuated virus fail to produce 
severe symptoms on young growmg beets, while 1 hopper carrying 
virulent virus will produce severe symptoms, it is concluded that in 
experiments of this type the dosage of virus is not a factor controlling 
the subsequent symptoms produced 

RESTORATION STUDIES 

The plants used in the experiments in the restoration of virulence 
were Chenopodium murale, Stellaria media^ and the susceptible sugar 
beets used as test plants and as checks. 
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Smith workmg with the crmlde virus of potatoes, passed it 
through Datura stramonium L and then inoculated potato plants 
Instead of modified crmlde symptoms, mild mosaic mottling resulted. 
In his earlier work on potato mosaic, Smith {11) concluded that the 
various symptoms appearing on different plants inoculated with the 
mosaic were due simply to variation in host response In his later 
work {12) on crinkle of potatoes he suggested the presence of more 
than one vmus 

Carsner (1, 2) reported the fii'st cases of attenuation of the curly-top 
virus by resistant hosts, among which was Ohenopodium murale L , 
in 1919 and 1925 After this Carsner and Lackey {3) reported the 
attenuation of the curly-top virus when it was passed through very 
resistant sugar beets. Eepeated transfers through susceptible sugar 
beets failed to restore the virulence to the attenuated virus Later 
Lackey {6, 7) recorded additional evidence of this attenuation reac- 
tion of curly-top virus when passed through certain resistant host 
plants. 

The idea was conceived that if a resistant host attenuates the virus 
an exceedingly susceptible host imght restore its virulence Carsner 
{!) had reported chickweed, Stellaria media (L ) Cyr , as a very sus- 
ceptible host plant, so it was selected for trial. 

It has been recorded in literature that the virulence of some plant 
viruses has been mcreased by methods of handling Smith {11) 
reported that potato mosaic mcreased in virulence when it was trans- 
mtted to healthy White Bmley tobacco by the aphis Myzus persicae 
Sulz. He also found that tobacco rmg spot was increased m virulence 
by progressive moeulation through successive generations of susceptible 
tobacco This increase continued only up to a certain point and then 
the virus showed a tendency to reveit to its original viiulence. Later 
Smith {12) found that the crinkle virus of potatoes could be passed 
through successive generations of tobacco and a severe leaf-drop 
stieak obtamed which readily killed some varieties of potatoes. The 
mterveinal mosaic of potatoes when passed through tobacco also came 
out as a severe leaf-drop streak. Smith {12) suggests that probably 
more than one viius is involved, and states: 'Ht may be suggested 
then that passage of tobacco merely liberates in some way the streak 
yii*us which was already present, so that it attacks every potato variety 
inoculated ” It is difficult to determine whether one virus was in- 
creased in virulence or whether the different hosts suppress one virus 
and liberate another 


DOSAGE EXPERIMENTS 

It has been suggested that the reduction in percentage of infection 
and possibly the variation in type of symptoms produced by the 
apparently attenuated curly-top virus might be attnbuted to mere 
reduction m the quantity of virus involved The results of the follow- 
ing expel iment bear on this problem 
Attenuated virus was obtained by moculating nettle-leafed goose- 
foot, Chenopodyum murale, with 50 to 76 leaf hoppers, Eutetttz tmellus 
(Baker) , carrying the virulent form of virus {2) After five to six weeks 
toese hoppers were removed. The virus was transferred from the 
Ohenopodium to test beets. Beta wlgans L , either by placing non- 
viruliferous adults on the plant or by usmg the nymphs that hatched 
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symptoms indistinguishable in severity from those produced by the 
original virulent virus, it is evident that the virus, after being at- 
tenuated, had been restored to its original virulence 

The symptoms produced by the virus from the three sources are 
shown in Figure 2 


H' 






Figueb 2— a, Beets inoculated with the ouginal virus, B, beets inoculated with the same virus 
after attenuation by Chenopodium murale, C, beets inoculated with this virus restored to its 
original virulence by passage thiough Stellar la media D, normal unmoculated plants 


The test beets used were grown under similar conditions from a seed 
stock of loiown high susceptibility, and were all of the same age 
The illustration shows the beets seven weeks after inoculation. The 
beets in pot A were inoculated with the original virulent virus. 
Those in pot B show the effect of this virus after its attenuation by 
passage through Chenopodium murale. The disease is mild, the 
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Figure 1, which is a diagram giving data from a typical experiment, 
illustrates the general plan used in attenuating the virus and restoring 
its virulence, the original virus being in each case the virulent form of 
stock virus mamtained on susceptible sugar beets 
A susceptible beet was used in the beginning to maintain a stock 
culture of virulent virus. Fifty leaf hoppers from this culture were 
used to inoculate a Ohenopodium murale plant ^ After a period of 
SLx weeks, nonviniliferous leaf hoppers were fed on this plant for a 
week Four of these hoppers bearing the attenuated virus from the 
Ckenopodium murale were used to inoculate a chickweed, Stellana 
media ^ This duckweed was a young, fast-growing plant with three 
stems The four insects were caged on the plant by means of a small, 
cylindrical, celluloid cage The cage was left on for three days. 
During the incubation period of the disease the chickweed was kept 
in a semishaded part of the greenhouse under moist and good growing 

conditions Six days 
after inoculation 
curly-top symptoms 
became visible N on- 
viruliferous leaf hop- 
pers were then caged 
on the diseased chick- 
weed for three days 
These leaf hoppers 
were then transferred 
to young healthy 
beets which were in 
the 2-leaf and 4-leaf 
stages, 2 leaf hoppers 
being used to a plant 
In this manner 37 
beets were inoculated, 
29 of which became 
infected and showed 
severe symptoms 
At the same time 7 
yoimg beets were in- 
oculated with leaf hoppers from the beet on which the stock culture 
was maintained and 33 beets were inoculated in like manner with 
virus from the Chenopodium plant Six of the 7 beets (fig 1) in- 
oculated with the virus directly from the beet (virulent) became in- 
fected and showed severe symptoms These symptoms were indis- 
tinguishable from those produced by the virus obtained from the 
cMckweed On the other hand, of the 33 beets inoculated with virus 
directly from Chenopodium, only 6 became infected and these showed 
very mild symptoms The tests with the virus from Chenopodium 
^ow that the virus used to inoculate the chickweed was attenuated. 
From the fact that 29 of the 37 test-beet plants infected with this 
attenuated vmus after it has been passed through chickweed had 


SOURCE OFVIRUS 

CONDITION OF BEET TEST PLANTS 

BEET 

1 

6 OF 7 SEVERELY DISEASED 

T 

CHENOPODIUM 

1 

6 OF 33 MILDLY DISEASED 

T 

chickweed 

29 OF 37 SEVERELY DISEASED 


Tigtjre 1 — Plan used in the attenuation andrestoiation of the cuily- 
top virus, with data from a typical experiment The arrows indi- 
cate the successive passage of the virus through the dilTerent host 
plants, the heavy arrows representing the virulent foim of the 
virus and the light arrows the attenuated condition 


r»i approiimately 6 weeks old and 4 to 6 inches high As. Oai sner 

“““ secured from such mooulated plants, while in other oases only 

be Mted '^®®H®i ““ '"‘‘I'stems rangmg from IKi to 2 inches in length It should 

attenuated Virus through chickweed does not always i esult in complete i est oi at ion 
of virulence The critical factors mauencmg restoi ation have not been detei mined 
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same age and inoculated on the same date, seven weeks before they 
were photographed The extreme shortening of the leaf petioles and 
general dwarfing of the entire plant, characteristic of the virulent 
virus, IS shown in the plant inoculated with the virus from chickweed. 

Several additional experiments were performed The procedure 
was in general the same as that used m the preceding experiments 
Table 2 gives the results of some of these experiments 



FktUrf 4 —A beet of the same age as the one show n m Figure 3 and inoculated 
at the same time but with virus that had been attenuated and later i estored by 
passage through Stellana media 


Table 2 — Results of inoculations of sugar beets with attenuated and virulent forms 
of curly-top virus befoie and after passing through Stellana media 

[Ten leaf hoppers were fed on each test beet for three days] 


Virus used 

Beets in- 
oculated 

Beets infected 

Type of symptoms 

Before passage 

Virulent - ; 

Number 

29 

Number 

26 

Per cent 
89 

Severe 

Attenuated- - i 

30 

14 

46 

Very mild 

After passage 

Virulent — 

10 

10 

100 

Severe 

Attenuated- - 

10 

10 

100 

X»o 


The results given in Table 2 show that the attenuated virus obtained 
from Chenopodium murale before passage through chickweed produced 
only very mild symptoms on the 14 beets infected However, after 
passage through chickweed the symptoms were indistinguishable from 
those produced by the original virulent virus The increase in the 
amount of infection from the virulent form of the virus after passage 
through chickweed is probably not significant because of the small 
number of beets used. 

Another series of experiments (Table 3) were conducted over a 
period in which climatic and other environmental conditions varied 
a great deal, but the results of the various individual tests were 
practically of the same type and not at all contradictory In series 1 
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plants showing only slight vein distortion and curling of the younger 
inner leaves and no shortening of petioles or dwarfing In contrast, 
the plants m pot C show the effect of this virus after its subsequent 
passage through duckweed The symptoms, extreme dwarfing ac- 
compamed by severe curling of the leaves and severe vein distortion, 
were indistinguishable from those produced by the direct transfer of 
the virulent virus (pot A). Normal unmoculated beets are shown 
for comparison (pot D) 



Figure 3 —Beet infected vrith virus attenuated by pabsage through Chenopodiam murale 


Figure 3 shows in detail the mild symptoms produced by the atten- 
uated form of the virus Only the younger leaves are affected, the 
^mptoms being slight vein roughening and curling of the blade 
The leaf petioles are of normal length, and the entire plant is almost 
nomai m size. This beet is one of the four shown in Figure 2, B 
Fig^e 4 shows a test beet inoculated with the virus that had 
passed successively through Chenopodimn murale and Stellaria media 
and shows in detail the symptoms produced by what is called, in this 
paper, the restored virus The beets m Figures 3 and 4 were of the 
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While there were differences in percentage of infection in the 
individual experiments comprising these two series (Table 3), the 
respective average amounts of mfection produced by the three forms 
of the virus and the respective types of symptoms are similar in the 
two series 

Table 4 represents a summary of the inoculations performed in 
series 1 during September, 1930 The average incubation periods are 
representative of those found throughout these two series of inocula- 
tions 

Table 4 — Summary of comparative tests performed in September^ 1930, with the 

three foims of the virus 


[Inoculations were made by using two leaf hoppers to each test beet plant] 


Kind of virus used 

Beets 

inocu- 

lated 

Beets infected 

Average 

incuba- 

tion 

period 

T 5 pe of symptoms 

Original (virulent) 

Attenuated 1 

Restored 

Number 
65 
83 1 
no 

Number 

42 

21 

82 

1 

Per cent 

1 64 

! 25 

1 74 

1 

Pays 

9 5 
13 1 

9 9 

Severe 

Ver> mild 

Severe 

1 


As Table 4 indicates, the average mcubation period of the original 
virulent virus is slightly shorter than that of the restored form, but 
the difference is probably not significant By contrast, the incubation 
period of the attenuated form of the virus averaged considerably 
longer than for either of the other two forms, and this difference 
seemed to be consistently maintained While in this senes of inocu- 
lations the percentage of infection produced by the restored virus 
was somewhat greater than that produced by the virulent form, the 
average for all experiments was snghtly less It is not believed that 
the diflPerences are significant 

Weighings were made of the entire plants while green, in order to 
get some measure of the effect of the three forms of virus on the size 
and development of the infected beets Table 5 shows the total and 
average weights of a number of beets infected with virulent, attenu- 
ated, and restored forms of the virus, as compared with healthy 
normal beets of the same age. Forty-two plants were used in each lot. 

Table 5 — Compansons of green weights of normal sugar-beet plants and of plants 
infected with original, attenuated, and restored forms of virus 


[Weighings made eight weeks after inoculation] 


Kind of virus used 

Beets 

weighed 

Total 

weight 

Average 
w eight 

Original fvirnlftnt.)_ _ 

Number 

42 

42 

42 

42 

Grams 

138 

407 

163 

486 

Grams 

3 3 
9 7 
3 6 
11 5 

Attenuated- - - 

Rfistnred ^ 

Healthy checks _ _ _ ^ __ 



While the beets infected with the onginal virulent virus and the 
restored form are generally severely affected, occasionally among these 
there is a beet that appears to be somewhat mildly diseased The 
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the attenuated virus was obtained from stock cultures on susceptible 
sugar beets These cultures were originally secured by transfers 
from Chenopodium murale to beets and were maintained by repeated 
transfers from beet to beet Likewise the restored form of the virus 
which w^as originally obtained by transfers from Stellaria media to 
beets was in this series obtained from stock cultures maintained on 
susceptible beets In series 2 the restored virus was taken directly 
from duckweed at the date of each inoculation The attenuated 
virus was transferred directly from Chenopodium murale each time 
The virulent virus m each series was obtained directly from beets 
infected vdth the stock virus 

Table 3 — Results of inoculations of sugar-beets with virulent^ attenuated^ and 
restored foi ms of curly-top virus 

SERIES 1 « 



Virulent form of virus 

^ Attenuated form of \ irus 

i 

Restored form of virus 

Date of inoculation 

Beets 

inocu- 

lated 

Beets 

infected 

Type of 
symptoms 

Beets 

1 inocu- 
lated 

Beets 

infected 

Type of 
symptoms 

Beets 

inocu- 

lated 

Beets 

infected 

T\pe of 
symp- 
toms 

July 14 




4 

2 

Mild 

4 

4 

Severe 

Ju3v 16 - 




4 

1 

„do 

12 

4 

Do 

July 17 




8 

6 

do 

12 

6 

Do 

July 22 




8 

2 

do 

12 

10 

Do 

July 25 




6 

1 

do 

5 

3 

Do 

July 26 




4 

3 i 

do ! 

4 

4 

Do 

July 29 




10 

2 

do 

6 

4 

Do 

Aug 2 




11 

7 

do 

4 

4 

Do 

Aug 4 




6 

3 

do 

6 

4 

Do 

Aug 11 




8 

0 

12 

12 

Do 

Aug 16 

4 

4 

Severe 

8 

1 

Miid 

7 

7 

Do 

Aug 18 



7 

6 

do 

9 

9 

Do 

Aug 20 

14 I 

13 

Severe 

13 

2 

do 

6 

6 

Do 

Sept 4 

8 

4 

do 

8 

8 

Do 

Sept 5-- 

7 

2 

Severe 

6 

2 

do 

6 

6 

Do 

Sept 9 

6 

; 4 

do 

13 

5 

do 

21 

11 

Do 

Sept 12 

7 

6 

do 

33 

6 

do 

37 

29 

Do 

Sept 18- - 

20 

14 

do.. 

20 

7 

do 

19 

15 

Do 

Sept 20- 

18 

16 

do 

15 

2 

do 

19 

14 

Do 




Total- 

76 

59 


192 

62 


20S 

159 






Percentage 


77 6 



32 3 



76 4 










SERIES 2 ft 


Sept 29 

8 

6 

Se% ere 

8 

2 

Mild - 

20 

16 

Sept 30. 




26 

1 


30 

22 

Oct 2 

r’ 

5 

*Se\ere 

16 

8 


38 

25 

Oct 3 

8 

8 

do 




28 

14 

Oct 7 - 


6 

do 

20 

1 


27 

25 

Oct 11 

12 

11 

do 

12 

J 

do 

26 

19 

Oct 15 

12 

11 

— do ! 

12 

0 


23 

18 








Total 

54 

46 


94 

13 


192 

139 







Percentage 


i 85 2 



13 8 



72 4 










Severe, 

Do 

Do 

Do 

Do 

Do 

Do 


« All virus strains from ** stock cultuies" earned m sugar beets 

ft Virulent virus from beet “stock cultures," attenuated virus direct from Chenopodium, restored virus 
direct from Stellana 


The point to be noted from these two senes of inoculations is that 
the results were very similar whether the restored form of the virus 
was transferred directly from chickwoed to beets or was maintained 
continuously on beets before being used in these inoculations. This 
indicates the degree of stability of virus condition obtained, 
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that the virus involved was as virulent as that in the companion 
beets that were infected with the same virus and showed the typical 
severe symptoms 

^ Stellana med%a^ is probably of little importance in restoring the 
virulence of the virus under natural conditions. 
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disease is not so mild as that produced by the attenuated virus nor so 
severe as that usually produced by the restored form Tests were 
conducted to determine the condition of the virus in a beet infected 
with the restored virus which showed such apparent lessening of 
virulence in comparison with the standard reaction for the same 
virus By means of nonviruliferous leaf hoppers the virus was trans- 
ferred from the typical and atypical plants Sixteen beets weie in- 
oculated vnth virus from the beet with the milder symptoms, 12 beets 
were inoculated wuth virus from the beet with severe symptoms, and 
8 beets were inoculated as checks with virulent virus from a stock 
culture In the first lot 14 of the 16 beets became infected, in the 
second, 10 of the 12, and in the third, 6 of the 8 beets became infected 
The symptoms m all lots were about equally severe, but none re- 
sembled the symptoms of the mildly diseased beet used as a source of 
virus. Later, virus was again transferred from the two beets used in 
the test just described, sets of 11 young plants each being inoculated 
with the virus from each beet All of these beets became severely 
diseased, wuth identical symptoms These tests indicate that this 
apparent difference in symptoms may be attributable to an individual 
host response and is not a contradiction of the general findings 

DISCUSSION 

While chickweed (Stellana media) is the only plant tested exten- 
sively for restoration qualities, it is probably not an important factor 
in restoring virulence of the virus under natural conditions, because 
it grows m moist and shady places which are unfavorable to the leaf- 
hopper vector, Eutettix tenellus This insect prefers dry and warm 
places in the semiarid regions Alfileria (Erodium cicutanum LTIor ), 
however, which plays an important r61e in the overwintering of the 
virus, is a very important host for the leaf hoppers in California dur- 
ing the winter and early spring Investigations are now m progress 
to determine its effect on the attenuated virus 

SUMMARY 

Virulent virus of the sugar-beet curly-top disease has been attenu- 
ated by passing it through Chenoiwdmm murale. Experimental 
evidence indicates that this attenuation is due to a change in the 
quality of the virus rather than to the quantity of virus invohed. 
The attenuated virus remained stable even though passed through 
successive generations of very susceptible sugar beets 

The attenuated virus has been restored to its original virulence by 
passing it through Stellana media. Virulent virus passed through 
S media remamed unchanged 

^ The incubation periods of the virulent and restored forms of the 
virus were practically of the same length, but the attenuated virus 
had a much longer incubation period 

The average weight per beet attained by the plants infected with 
the attenuated virus was almost three times that attained by beets 
inoculated with either the virulent or the restored forms of the 
virus 

Tests of the virus from a beet infected with the restored virus 
which showed somewhat milder symptoms than normal indicated 
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By Hilda Black Kifer, Assistant Nutrition Chemist^ and Hazel E M unsell, 

Senior Nutrition Chemist in ChaigCt Nutrition Studies Section^ Buieau of Home 

Economics j United States Department of Agnculture 

INTRODUCTION 

Spinach {Spinacia oleracea L ) is recognized as one of onr most 
valuable greens because it is an excellent source of vitamins and is 
available in the market all through the year Since it is so extensively 
used many^ varieties have been developed, some of them differing 
materially in leaf shape, character, and color Some varieties have 
smooth leaves, whereas the leaves of others are highly wrinkled or 
^^savoyed*” Leaf color varies from light yellowish green to dark 
green and bluish green 

The Bureau of Home Economics was interested in determining 
whether a relationship existed between leaf type or color and the 
content of vitamins A, B, and C Accordingly, in 1928 a study was 
undertaken in cooperation with the Maryland Agricultural Experi- 
ment Station to determine the vitamm A, B, and C content of several 
selected varieties of fresh spinach 

For two years preceding this study the Maryland station had been 
growing different varieties of spmach to determine those best adapted 
to local conditions of cultivation All of the spinach used by the 
Bureau of Home Economics in its tests was grown on the same plot 
of ground and during the same season. 

REVIEW OP LITERATURE 

VITAMIN A 

The association of vitamin A with greenness of plant tissues has 
been demonstrated by several investigators Dye, Medlock, and 
Crist have shown that the vitamin A content of lettuce varies 
more or less directly with the greenness of the leaves Eiramer, 
Boehm, and Williams (4) found that the green outer leaves of Cah- 
fornia head lettuce of the Iceberg variety were thirty or more tunes 
nchei in vitamin A content than the whitest leaves from the centers 
of the same heads Steenbock and Sell {9) made a chlorophyll 
analysis of etiolated leaves, entirely free from chlorophyll obtained 
from fresh heads of cabbage plants which at the end of the growing 
season had failed to head The analysis showed that the white 
leaves contained about one-tenth as much pigment as the green 
leaves, which were found by animal feeding experiments to be superior 
in vitamm content Collison and co workers O found that the vita- 
min A activity of the unsaponifiable fraction from white cabbage 
was very small as compared with that of the corresponding fraction 
from the green leaves 

1 Received for publication Nov 25, 1931, issued June, 1932 Paper presented before the American Chemical 
Society, Atlanta, Ga , Apr 7-11, 1930 

2 Reference is made by number (italic) to Literature Cited, p 771 
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Figure 1 shows the average gam curves of groups of rats fed 0.025 g, 
0 012 g, and 0 006 g portions, respectively, of the three varieties of 
spinach over a period of eight weeks. Sherman and Munsell have 
shown that the results obtained are more significant and more con- 
sistent when the rate of growth is about 3 g a week Consequently, 
the relative vitamin A potencies of the thi'ee varieties of spinach are 
compared by determining the quantity of each which enabled the rats 
to gam at the rate of approximately 3 g a week It will be noted that 
0 012-g portions of Virginia Savoy, Viroflay, and Princess Juliana gave 
total gams in weight at the end of eight weeks of 22 g, 24 g, and 22 g, 
respectively. These results indicate that the tlmee varieties are about 
equally potent in vitamin A 

This indication is further substantiated by the results obtained from 
feeding 0.025-g portions of each variety, aU of which induced about 
equal growth rates Furthermore, the total average gain in weight 
for the eight weeks of the groups that received 0 006-g portions, 
respectively, of the three varieties, was in each case 8 g. 

VITAMIN B DETERMINATIONS 

The determination of the vitamin B content of fresh spinach was 
begun before methods for testing for the two components of vitamin 
B were available The method used was that of Sherman and Spohn 
(S), which makes no distinction between the two factors of vitamin B 
All rats were kept in cages having raised screen bottoms and were fed 
a basal diet of purified casein, 18 per cent; cornstarch, 68 per cent; 
butterfat, 8 per cent; cod-liver oil, 2 per cent; Osborne and Mendel 
salt mixture, 4 per cent In addition to the basal diet the annuals 
were fed graded weighed portions of the three varieties of spinach 
SIX times a week. 

The average gain curves are given in Figure 2. The groups of 
rats fed daily portions of 3 g of Virginia Savoy, Viroflay, and Princess 
Juliana had made total gains in weight of 40 5 g, 39 8 g, and 37 5 g, 
respectively, at the end of seven weeks (when the test period was 
terminated). These results indicate that the three samples of spinach 
contained about equal quantities of vitamin B. This conclusion is 
further justified by the results obtained when 2-g and 1-g^ portions 
were fed. The groups which received 2 g daily of Virginia Savoy, 
Viroflay, and Princess Juliana had made total gams in weight at the 
end of eight weeks of 9.5 g, 14 3 g, and 16.3 g, respectively.^ One gram 
a day of each sample of spinach just sufficed for body maintenance, 

VITAMIN C DETERMINATIONS 

The method used to determine the vitamin C content of spmach 
was that described by Sherman, LaMer, and Campbell (6). The 
basal diet consisted of heated skim-nqlk powder, 30 per cent ; a mixture 
of equal parts rolled oats and bran, 59 per cent; butterfat, 10 per cent; 
and table salt, 1 per cent. In addition to the basal diet, a 1-g portion 
of each variety of spinach was given daily, six times a week Since 
the supply of spinach was limited only a small number of animals 
were used, and the experimental period was terminated at the end of 
77 days. 
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Very little work has been done on the relation of leaf type to vitamin 
content. A study of the relation of vitamm A content_ to size of 
leaves of New Zealand spinach is reported by McLaughlin (5) ; she 
found that the vitamin A concentration of the leaf was directly related 
to its surface area and inversely proportional to its thickness No 
other studies on the relation between content of vitamin A and leaf 
type were found 

VITAMIN B 

The term “vitamin B” as used in this paper refers to the complex 
consisting of both the antineuritic and antipellagrio factors. No 
record of a study has been found in regard to the variation of vitamin 
B content with greenness and leaf form 

VITAMIN c 

No reference was found in the literature to the relation of anti- 
scorbutic potency to leaf type or color 

DESCEIPTION OF VARIETIES OF SPINACH (SPINACIA OLERACEA) 

The following descriptions of the three varieties of spinach which 
were used in this study are given by Geise and Farley (5): Variety, 
Virginia Savoy — ^The plants are vase form, with leaves which are 
broad, thick, deeply wnnkled or savoyed, and dark green in color. 
Variety, Princess Juliana — The plants grow very compact, with 
leaves heavily savoyed and bluish green m color Variety, Viroflay, — 
The leaves are smooth or slightly crumpled nea,r the base, spear 
shaped and thick, and are somewhat yellow green in color. 

EXPERIMENTAL PROCEDURE 
VITAMIN A DETEEMINATIONS 

The procedure for the determination of vitamm A was that outlined 
by Sherman and Munsell (7), with some modification. Young albino 
rats 28 or 29 days old were placed upon a basal diet devoid of vitamin 
A. It consisted of purified casern, 18 per cent, cornstarch, 67 per 
cent; dried brewers’ yeast, 10 per cent; Osborne and Mendel salt 
mmture, 4 per cent; and table salt, 1 per cent. This was irradiated 
with rays of an ultra-violet lamp at 20 inches for one-half hour. 
After a prelinimary period on this vitamin-A-free diet to deplete the 
bodily stores of vitamin A, the animals were placed in individual 
cages and fed graded weighed quantities of spinach six times a week 
in addition to the basal diet 

A litter of rats was used in such a way that when one rat of the litter 
was given a daily allotment of Virginia Savoy spinach, two others of 
the same sex and about the same weight were chosen, one to receive 
a like amount of Viroflay, and the other a like amount of Princess 
Juliana Several litters, comprising a total of 82 animals, were used 
m this way, and conclusions were drawn from the average of the 
individual gams in weight. The spinach leaves were picked fresh 
for each feeding, and the feeding portions of each variety were all 
taken from similar parts of the leaves If part of the stem of one 
variety had to be used, similar amounts of stem sections of the other 
varieties were used. 
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Table 1 — Results obtained when guinea pigs were fed l~g portions daily {six times 
weekly) of three vaiieties of fiesh spinach as the sole source of vitamin C 


Vn eight of animals dur- 
ing test period 

Change 
in -weight 
of animals 
durmg 
test period 

Sur- 

vival 

period 

Degree of scurvy 
symptoms at 
autopsy 

Begin- 

ning 

Ma\i- 

mum 

Final 

Gravis 

Grams 

Grams 

Grams 

Days 


f 342 

676 

676 

+334 

77 

None 

1 363 

702 

702 

+349 

77 

Do 

1 328 

550 

550 

+222 

77 

Do 

\ 360 

806 

806 ' 

+446 

77 

Do 

1 322 

366 

258 

-64 

70 

None to mild 

1 373 

690 

667 

+294 

77 

Do 

\ 361 

388 

388 

+27 

77 

Mild 

1 353 

692 

638 

+285 

77 

Do 

326 

326 

193 

-133 

20 

Mild to severe 


No 


Vane tv of spinach used to| 
supplement basal diet 


98 M... 

99 M->. 

101 M„ 

102 M.. 

103 M.. 

104 M-- 

105 M,. 

106 M-. 

107 


|| Virginia Savoy.. 
VirofUy 

jpimcess Juliana. 
Control 


SUMMARY AND CONCLUSIONS 

Studies were made with three varieties of spinach to determine 
whether any correlation existed between vitamin potency and leaf 
type or leaf color 

The vitamin A content of the three varieties of spinach tested was 
about equal 

The three varieties of spinach seemed equally potent in the vitamin 
B complex 

The results indicate that Princess Juliana probably contained 
slightly less of vitamin C than the Virginia Savoy and Viroflay 
No relationship between leaf type and vitamin A or B content was 
detected The variety with heavily savoyed, bluish-green leaves 
seemed slightly less potent in vitamin C than the other two varieties. 
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The results of the feeding tests with the spinach are given in Table 1 
The two animals which were fed Virginia Savoy grew well and at 
autopsy showed no symptoms of scurvy Of the 3 guinea pigs receiv- 
ing Viroflay, 2 grew normally, and 1 did not thrive It died on the 
seventy-sixth jdayjand at autopsy showed mild symptoms of scuivy. 







Figure 1 —Average changes in weight of groups 
of^rats fed 0 025 g (A), 0 012 g (B), and 0 006 g 
(U) of fresh spinach as the sole source of vita- 
min A In the case of the negative controls the 
pmken line represents the average weight of 
the surviving animals until all had died 


y IGURE 2 — Avei age change m weight of gi oups of 
rats fed 3 g (A) , 2 g (B) , and 1 g CC) of fresh spin- 
ach M the sole source of vitamin B complex 
The broken line represents the aveiage weight, 
ofthe surviving animals until all had died 


Three g^ea pigs were fed Princess Juliana, and all gained m weight 
and lived to the end of the experimental period but on autopsy showed 
symptoms of scurvy. The data are insufficient to warrant definite 
inmcations, but it would seem that Princess Juliana was slightly less 
potent in vitamin C than the other two varieties tested. 


CHEMICAL AND PHYSICAL PROPERTIES OF PETROLEUM 

SPRAY OILS^ 


By jEbSB R Green 

Asbistant Cheni'tat, Depat tment of Chemistry, Montana Aqucultural Etperiment 

Station. 

INTRODUCTION 

Petroleum oils have long been employed as insecticides, but the 
injury that they cause, especially to the fohage of plants, consti- 
tutes a serious objection to their use The literature of the subject 
has been reviewed by Kelley {8, 9),^ Green and Johnson (5), and others. 

Petroleuni oils are highly complex substances A complete analysis 
of a crude oil, showing all the individual compounds of which it is 
composed, has never been reported. The number of compounds in 
petroleum is very great, and their close similarity is the prmcipal 
difficulty in separating and identifying them. 

The analyses reported in this paper were made for the purpose of 
determining what properties of an oil may be used as a guide m esti- 
mating the injury that it will cause to plants. 

METHODS OF ANALYSIS 

For this work, a series of 13 samples of oil were chosen from a large 
number of spray oils that were available An effort was made to 
select samples representative of the oils that were most injurious to 
plants, those that were least injurious, and a few that were inter- 
mediate. The most injunous oils are among those used as sprays 
on dormant trees and are not generally used on fohage. 

The samples may be divided roughly mto two classes, the light 
or highly refined oils, with a sulphonatable portion of less than 16 per 
cent, and the dark, or poorly refined oils, with a sulphonatable portion 
of more than 16 per cent The term refined is used in this work to 
indicate the degree to which the matenals soluble in sulphuric acid 
are removed, either by sulphuric acid or by liqidd sulphiu’ dioxide. 

The method used to determine the sulphonatable portion is that 
recommended by Marshall (W). Twenty cubic centimeters of 37 N 
sulphuric acid is added in small portions to a 5 c c sample of oil 
in a Babcock cream-testmg bottle, or an American Society of Testing 
Materials sulphonation bottle, and the bottle is immersed in an ice 
bath and shaken contmuously until the temperature no longer rises. 
It is then put in a water bath at 100° 0 and shaken at 10-mmute 
intervals for 1 hour. At the end of that time sulphuric acid, having a 
specific gravity of 1 84 is added, until the clear unsulphonatable 
portion nses m the graduated neck of the flask. It is then centri- 
fuged and the portion that has been sulphonated is calculated as the 

1 Keceived for publication Sept 29, 1931, issued June, 1932 Paper Ko 8 of the Journal Senes of the 
Montana Agricultural Experiment Station Contribution from the Department of Chemistry. 
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was separated from the oily layer of carbon tetrachloride and titrated 
with standard 0 10 N alkali The indicator used was a methyl red- 
methylene blue proposed by Johnson and Green (7). A blank run 
was made containing all the reagents used in the determination The 
difference in the amount of sodium thiosulphate used in the blank 
and that m the sample represented all the bromine absorbed by the oil. 

Viscosity, ffash point, and fire pomt were determmed by standard 
methods used by the United States Government ( 15 ) for lubricating 
oils. Specific gravity, color, and emulsification with w^ater were 
determined by the methods of Cross (S). 

Color was measured against a standard solution containing 5 mg 
of iodine per 100 c c of water The readings were taken m a Kleint 
colorimeter instead of by ordinary comparison tubes as suggested by 
Cross The color of the iodine solution was taken as 1 and compari- 
sons were made on this basis. 

The values for emulsification are expressed in minutes required for 
a mixture of 27 c c of oil and 53 c c of water to separate after being 
stirred according to a strictly specified procedure 

The measurements of surface tension were made with a Du Nouy 
apparatus A platinum wire loop exactly 4 cm in circumference w^as 
lowered beneath the film to be measui*ed The force required to pull 
the loop through the film was determined and expressed in dynes per 
centimeter of film. The emulsions used for surface film strength 
measurements were 4 per cent and 8 per cent cresoap, water, and oil 
emulsions piepared accordmg to the formula for field emulsions of 
Melander, Spuler, and Green ( 13 ) The cresoap \vas also prepared 
from fish oil, potassium hydroxide, and cresol by the method of these 
writers 

Injury to plants was determined by applying the oils to the leaves 
of barley seedlings The seedlings were grown m pure quartz sand 
and a nutrient solution of the following proportions was used 

240 c c of 1 molar KH 2 PO 4 
192 c c of 1 molar MgS 04 
192 c c of 1 molar Ca(N 03)2 
24 c c of 0 01 molar FeCla 

23, 352 c c of distilled water 

24, 000 c c total. 

For each sample 12 barley kernels were planted in a small jar 10 by 
14 cm Extra jars were always planted so that those which were not 
up to standard might be discarded In a light, warm room the seed- 
lings would reach a height of 5 cm m about 7 days. They were then 
thinned to exactly 10 plants and the oil to be tested was applied care- 
fully on both sides of the leaves with a camehs-hair brush. At the 
expiration of 3 to 5 days the treated seedlings were cut and weighed. 
At the same time control seedlings were cut and weighed. ^ The per- 
centage loss in weight of the treated plants, as compared with that of 
the control plants, that is, the difference m weight between the two, 
was used as the measure of injury. 

Conditions for these experiments can not be exactly standardized, 
for practical reasons. With a more elaborate eqmpment of light, 
temperature, and humidity control, standard conditions might have 
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percentage of the original sample With nearly all the samples, the 
method was found to give results that conformed closely to those 
furnished by the manufacturers 

Sulphur was determined by the oxygen-bomb method of Cross (3) 
The sample was completely oxidized in a bomb under 35 to 40 atmos- 
pheres piessure of oxygen and the sulphur subsequently determined 
m the residue as barium sulphate 

The determination of nitrogen was carried out according to the 
regular Kjeldahl method A large sample (5 6 g) Avas taken and 
digestion was carried out slowly with the addition of successive por- 
tions of sulphuiic acid until the oil had been completely oxidized and 
the solution was clear Considerable care was taken at the beginning 
ot the digestion in order not to cause too much frothing or volatiliza- 
tion of the oil It was only with the dark, poorly refined oils that any 
trouble was encountered 

Acidity was measured by titiating a 10-g sample of oil in 50 c c 
of 95 per cent alcohol with 0 10 N alkali The results were calculated 
to percentage of oleic acid, as suggested by Cross (S) The hydrogen- 
ion concentration was determined on the water extract prepared b,y 
shaking together for 1 hour 50 c c of oil and the same ainoimt of 
water A Bailey hydrogen electrode and a standaid potentiometer 
w^ere used to make the measurements 

The method of measiinng bromine absorption was essentially that 
described by Scott (14) and Allen (^), winch is a modification of the 
method proposed by Mcllhiney (fO, 11) Although bromine numbers 
are commonly determnied on edible oils and drying oils, a satisfactory 
procedure has m this case been developed for petroleum oils 
Tw"o-gram samples of oil were w’-eighed into glass tubes of a con- 
venient size, made by cutting off small test tubes about 1 cm in 
diameter Each tube was then lowered into a clean dry 500 c c 
Erlenmeyer flask and 10 c c of carbon tetrachloride w’^as added 
Preliminary experiments showed that time and temperature affect the 
determination, so the reaction was carried out in a bath of melting 
ice and the time intervals w'ere measured with a stop watch. 

A short-stemmed separatory funnel, calibrated to deliver 25 c c por- 
tions, w^as fitted into the stopper of an Erlenmeyer llask Tlie funnel 
w^as filled wuth water, and a cylmder containing 70 c c of water and 5 
c c of 60 per cent potassium iodide solution was set within easy reacdi. 

An excess of appioximate 0 33 N bromine-carbon tetrachloride 
solution w^as added to the sample m the Erlenmeyer llask Usually 2 
c c of the bromine solution w^as sufficient, but with th(^, darker oils 
4 c c was required A laige excess of bromine was avoided, as this 
would have influenced bromine absorption, as would also time and 
temperature Immediately after the bromine was added, the sep- 
aratory funnel, filled with water, was put in place and the stop wat(‘h 
was started The flask was shaken for exactly 1 minute in the ice 
bath, after which 25 c c of water was added After another one-half 
mmute of shaking the 70 c c of water and 5 c c of potassium iodide 
solution were added The addition of the last portion of water 
termmated the absorption of bromine by the oil The remaining 
bromme was then titrated with standard 0 10 N sodium thiosulphate, 
starch being used as an indicator 

The aqueous portion contained the hydrobromic acid formed by 
bromme and the hydrogen liberated by bromme substitution. This 
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After developing the barley-seedling method for determining injury 
it was necessary to show that the results with this method were com- 
parable to those obtained in the orchard. The data given in Table 1 
and Figure 1 show the analyses of the oils and the relative injury that 
they caused to barley seedlings and apple leaves. In Figure 1 the 
oils are arranged m the order of increasing injury to barley seedlings. 
Oil No. 24, a colorless, highly refined ofi with a paraiBBin base (the 
product of an eastern manufacturer) is the least injurious, while oil 
No. 15, a poorly refined, western oil, with a probable asphaltic base, 
is the most injurious. 

Table 1. — Analyses of spray oils and injury produced on barley seedlings and apple 

leaves 


Analyses 


Spray Oil No 

Vis- 
cosity 
(Say- 
bolt at 
100® F) 

Flash 

point 

Fire 

point 

Color 
as com- 
pared 
with 
solu- 
tion 
con- 
taimng 
5 mg 
iodine 
per 100 
cc 

Emul- 
sifica- 
tion 
with 
water 
alone 
(min- 
utes re- 
quired 
for oil 
to sep- 
arate) 

Emul- 
sifica- 
tion 
with 
water 
(cresoap 
as emul- 
sifying 
agent) 

Surface 
tension 
of pure 
oil 

Surface 
tension 
of 4 per 
cent 
cresoap 
emul- 
sion 

Surface 
tension 
of 8 per 
cent 
cresoap 
emul- 
sion 

Spe- 

cific 

gravity 

by 

Vest- 

phal 

balance 

3 

113 

® F. 
310 

1 

0 

345 

( 1 ) 

i 0 6 

( 3 ) 

Dynes 
per cm 
35 4 

Dynes 
per cm 
40 5 

Dynes 
per cm 
35 4 

0 873 

4 

63 

280 

295 

0 20 

5 0 

(8) 

34 6 

36 1 

36 1 

861 


136 

316 

355 

6 00 

35 0 

( 8 ) 

36 6 

41 7 

41 9 

919 

8 

425 

360 

410 

33 33 

60 


37 0 

42 8 

39 2 

930 

12 

125 

315 

355 

12 60 

17 0 

(5) 

36 0 

42 2 

41 9 

908 

13 

82 

300 

340 

3 60 

6 0 

W 

36 3 

38 4 

38 6 

.908 

15 

62 

270 

300 

3 60 

7 0 

(6) 

35 6 

40 4 

39 7 

896 

16 

66 

280 

310 

35 

4 0 

0) 

34 6 

37 1 

35 3 

.874 

20 

98 

330 

360 

13 

5 

( 2 ) 

34 8 

38 1 

36 6 

.879 

21 

56 

260 

290 

37 

3 0 

0) 

35 1 

37 6 

35 3 

884 

22 

59 

285 

305 

25 

5 

( 8 ) 

34 9 

37 4 

34 9 

863 

24 

68 

350 

390 

(1) 

5 

(?) 

34 1 

36 3 

35 1 

,837 

28 

no 

325 

375 

8 50 

9 0 

(?) 

36 1 

41 9 

39 7 

923 


Spray oil No 

Analyses 

Injury to— 

Sulpbo- 

nat- 

able 

portion 

Sul- 

phur 

Nitro- 

gen 

Bro- 

mine 

absorp- 

tion 

Bro- 

mine 

substi- 

tution 

Bro- 

mine 

addi- 

tion 

Free 
fatty 
acids as 
per- 
centage 
of oleic 
acid 

OHX 

10~« 

pH 

Barley 
seed- 
lings 
as per- 
centage 
loss m 
weight 

Apple 
leaves 
as per- 
centage 
loss in 
weight 


Per 

Per 

Per 

Per 

Per 

Per 







cent 

cent 

cent 

cent 

cent 

cent 






3. 

6 0 

0 020 

(?) 

0 24 

0 01 

0 22 

0 028 

0 0136 

5 866 

14.7 

47 8 

4 

12 0 

021 

(») 

89 

26 

37 

028 

0308 

6 511 

32 1 

58 3 

5 

41 6 

290 

(?) 

5 73 

2 76 

21 

170 

6420 

4 193 

52 5 

83 8 

8 

53 0 

556 

0 025 

5 94 

2 04 

1 86 

170 

0320 

5 495 

38 0 

69 2 

12 

27 6 

.360 

030 

5 48 

2 28 

92 

085 

1460 

4 835 

45 6 

70 9 

13 

31 2 

330 

012 

4 93 

1.62 

1 69 

066 

2080 

4 683 

59 6 

76 3 

16 

26 4 

213 

on 

4 30 

1 98 

24 

,085 

5940 

4 260 

60 7 

83 9 

16 

10.0 

no 

003 

.98 

26 

46 

028 

4520 

4 345 

31 0 

83 9 

20 

1 0 

041 

.002 

52 

.08 

36 

028 

0092 

6 036 

28 8 

40 9 

21 

16 6 

042 

003 

1 43 

42 

59 

042 

0455 

5 342 

40 4 

79 6 

22 

2 0 

048 

(8) 

24 

06 

12 

042 

0100 

6 002 

14 4 

3&9 

24 

(6) 

042 

(«) 

08 

02 

.04 

014 

0116 

5 934 

78 

11 0 

28 

y.2 

.670 

V) 

6 40 

3 14 

.26 

120 

1920 

4 717 

68 7 

70 1 


1 No (JoJoL > Very poor * Poor ^ Good 


* Very good, ® None ? Trace 
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been more nearly approached. However, the method was qmte suc- 
cessful as it was conducted, the results checkmg closely with those of 
duplicate determinations run at the same tmie. 

An attempt was made to use bean plants, but because of the lack ol 
uniformity in the plants it was discon tmued. A few trials were made 
with pans of bean leaves on the same plant, one leaf being treated 
and the other used as a control This method is good when the degree 
of mjuT}’’ is determined by observation alone, but it is not satisfactory 
when more exact quantitative results are desired. 

In order to find out whether or not the effect on barley seedlings 
would serve at least as an mdication of the injury to be expected on 
apple leaves, a single series of determinations was made in the orchard 
Each sample of oil was applied to both sides of 20 leaves on three 
different limbs, and at the expiration of 16 days the treated leaves 
were gathered and weighed. This experiment was conducted at a 
time when the leaves were malang very rapid growth The trial 
was carried on for too long a period, however, as some of the stronger 
Oils completely killed the leaves, nevertheless the purpose of the 
expermient was fairly well accomplished, 

EXPERIMENTAL RESULTS 
INJURY 

The method of determining od mjury by its effect on barley seed- 
Imgs was developed after most of the analyses had been made. For 
a considerable time there has been a need for some standard with 



Figure 1 — Injury done to apple leaves and to barley seedlings "when various oils were used for 

spraying 


whicb the properties of the oils might be compared. Very early in 
the study Green and Johnson (5) attempted the measurement of oil 
injury by the changes m the respiration of plants The changes 
proved to be too small and uncertain to measure by the methods 
then available, so the idea was abandoned. However, the results 
showed that the poorly refined oils caused an increase while the highly 
refined oils caused a decrease in the rate of respiration of bean leaves. 
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Figure 3 —Typical results obtained when dark poorly refined oils were applied to bean plants 
A, The badly injured leaf was treated with oil No 5, which had a sulphonatable portion of 46 1 
percent, B, the badly damaged leaf was treated with oil No 28 which has a sulphonatable por* 
tion of 35 2 per cent 



Figure 4.— a series of 8 per cent oihwater emulsions, emulsified with cresoap, arranged m the 
approximate order of increasing stability of emulsions 
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The barley-seedlmg injuiy curve is the average of three determina- 
tions carried on at different times, while the curve for apple-leaf 
m]ury is the result of a single series of determinations, and hence is 
not so regular With the exception of oil No 16, the results are fairly 
comparable and mdicate that the injury to barley seedlmgs is a fair 
measure of the injury to be expected on apple leaves 

As previously stated, some prelimmary expeiunents wore made on 
bean plants figure 2 shows two bean plants on which one of each 
of the pairs of leaves was treated with highly refined wliite oils, 3 and 
24. The treated leaves appear little injured Figure 3 shows leaves 
smiilarly treated with oils 5 and 28 Both of these oils arc dark and 
poorly refined, and they caused very great injury 



Figure 2 —Typical results obtained when white oils were applied to bean plants A, Loaf with 
collar on its stem was treated with a highly refined oil, No 24, B, leaf with collar on its stem was 
treated with a highly refined oil, No 3 


EMULSIFICATION 

It IS generally believed that the more easily an oil emulsifies the 
greater will be its injury to plants. Figure 4 shows a series of 8 per 
cent cresoap emulsions of the oils arranged in the approximate order 
of their abihty to remam emulsified These emulsions were all pre- 
pared in the same manner and were the samples used in the surface 
tension measurements The more transparent tubes are the poorer 
emulsions and were made from oils 3, 24, 20, 4, and 22. They are 
among the less mj'unous The tubes of more stable emulsions (on the 
left of fig. 4) are the less transparent, and were made from the 
inj’urious oils 28, 5, 12, and 15. 

A more quantitative expression of the ease of emulsification of 
the oils IS given m Table 1 Figure 5 shows that the oils which pro- 
duce the most stable emulsions cause the greatest injury. 

SURFACE FILM 

In attemptmg to devise a method for the measuromont of the 
covering capacity of the oils it was found that only those oils with 
a sulphonatable portion of more than 6 per cent would, of their 
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tension to be found in oils with, greater amounts of sulphonatable 
materials, or those which cause greater injury The surface tension 
of the emulsions parallels closely that of the pure oils, as would be 
expected 

The results of this investigation indicate that the color of an oil is 
related to the injury that the oil may cause to plants, The relation 
of color to mjury parallels closely the relatmn of the sulphonatable 
portion to injury, and it is not known which of these variables is 
responsible for the damage to plants Sulphonation, or treatment 



FiouiiE 6.— Photograph domonstratmg the ability of one oil film to interpose itself upon another 
The black outer ring it. carbon black dispersed by the first film The hghter colored parti- 
cles, covering largely the central portion, were spread upon the first film and were dispersed by 
the addition of more oil to the center of the surface 

witli sulphuric acid, removes the dark materials and, as Bell (^) 
has pointed out, they may also he removed by filtration, but no 
data are available on the effect of filtration 
Viscosity, flash point, fire point, and density seem to have little 
relation to the amount of injury caused by the oils. Viscosity receives 
a great deal of attention in spray practice, but, on the hasis of the 
data presented here, it does not appear to be related to injury The 
values for density show a slight general increase with increasmg 
injury 

121764^2 i 
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own accord, form a film on water Oils 3, 20, 22, and 24, all with 
a sulphonatable portion of 6 per cent or less, would not spread on 
water, and these are among the least injurious The oils with more 
than 6 per cent sulphonatable material spread on water, and these 
are generally more iniurious There is evidently a close relation 
bet’ween the degree of sulphonation and the ability of the oil to 
spread and also to emulsify. According to the Langmuir theory, 
the sulphonatable materials, or the materials which spread easily 
on water, are polar compounds, one poition of which is strongly 
attracted by w’-ater, while the opposite portion is repelled 
The attempts to measure the covering capacity of the oils were 
made with the object of finally determining the molecular size. 
After one film of oil had been applied to the surface of the water, 
the addition of more oil caused it to be driven into a smaller space 
with a piling up of the molecule to an unknown thickness Figure 



6 shows the action of one film m drivmg aside another which had 
already been spread over the surface. The very dark portion around 
the outer edge of the watch glass, which is carbon black, was dis- 
persed from the surface of the water by the spreading of the first 
film. The surface was then covered with a lighter colored dust 
(talc) and this was dispersed by applying more oil to the center of 
the surface ^ The process can be continued until the fourth or fifth 
film has driven the others to the outside From these results it is 
apparent that the molecules of oil must be crowded until they are 
piled up as a polymolecular layer, the thickness of which is irregular 
and can not be measured 

SURFACE TENSION, COLOR. VISCOSITY, FLASH POINT, FIRE POINT, AND DENSITY 

As may be seen in Table 1, the differences in surface tension are 
small. The pure oils vary from 34 1 dynes for oil No 24 to 37.0 
dynes for oil No. 8 If there is any trend, it is for higher surface 
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Every atomic weight of hydrogen displaced forms a molecular weight 
of hydrobromic acid. By titration of the hydrobromic acid it is 
thus possible to calculate the amount of bromine used in substitution. 
The compounds that take part in substitution are of the unstable 
class and may be active in plant injury 

The total bromine absorption, minus the bromine used for sub- 
stitution, IS expressed as bromine addition If the unsaturated com- 
pounds of petroleum are ever proved to be the cause of plant injury, 
the measurement of bromine addition in spray oils will become an 
important phase of the analysis 

SULPHUR AND NITROGEN 

Sulphur and nitrogen were present m comparatively small amounts 
in the oils examined The maximum quantity of sulphur, 0 57 per 
cent, was found in oil No 28 and the maximum quantity of nitrogen 
in oil No. 12 The fact that some of the very injurious oils, 5 and 28, 
contain only a trace of nitrogen, or none at all, tends to remove any 
suspicion that might be held regarding the injurious effects of nitrog- 



FKxUHii 8 Tho relation of the acidic properties of spray oils to injury of barley seedlings 


cjious compouuds. The larger quantities of sulphur in the oils leave 
their part m plant injury still an open question. 

ACIDITY 

After the free acids had been run and the slight relation of these to 
injury noted (fig 8), the hydrogen-ion concentration was detenrdned 
The four least injurious oils, 24, 22, 3, and 20, were found to have a 
very low hydrogen-ion concentration. From this point on the injury 
curve the acidity increased irregularly. Oils 16, 5, and 15, have an 
abnormally high hydrogen-ion concentration. 

MODIFIED OILS 

Because of some of the findmp previously mentioned, experiments 
were conducted to improve the oils, and the search lot the portion 
of tho oil causing injury was continued, Smee emulsification with 
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SULPHONATION 

The compounds removed from petroleum oils by sulphonation 
have been only approximately determined It is obvious that the 
more reactive substances would unite with sulphuric acid Gruse 
(d, p 121), quotes Zaloziecki as giving the following outline for the 
reaction of sulphuric acid and petroleum. 

Sulfur compounds, resins and petroleum acids arc dissolved or precipitated 
Nitrogen bases and some unsatuiated liydiocarbons are combined with the 
acid Unsaturated liydiocarbons are polymerized Some unstable liydio- 
carbons are oxidized. Aromatic hydiocarbons are sulfoiiatod 

Undoubtedly sulphonation removes materials which cause injury 
to plants. Gray and De Ong (4) state that the sulphonation test is 
the best single criterion by which to determine whether or not a 
spray oil has objectionable properties Their conclusions are con- 
firmed by the results of this mvestigation The greatest inconsist- 
ency in the correlation of injury with sulphonation is shown by oils 



Figure 7 —The relation of chemical properties of spray oils to injury of harley secUlniKH 


IS and 15 These are the most injurious oils, but their sulphonatablf^ 
portion is only 312 and 26 4 per cent, which is not so great as oils 
5, 8, and 28. 

BROMINE ABSORPTION 

As sulphuric acid combines with the more reactive materials, 
bromme should do somewhat the same From Figure 7, which pre- 
values for sulphonation and bromination, it is apparent 
that there is a relation between the two reactions Bromme addition 
IS a measure of the unsaturated, or multiple bonded, compounds 
Bromine, being very active, easily combines at the point of multiple 
bonds and thus the compound becomes saturated. In other com- 
pounds wh^e hydrogen atoms are held loosely, bromine easily takes 
the place of these poorly attached atoms and becomes fixed m the 
molecule by the process of substitution The hydrogen liberated 
then unites with imcombined bromme, forming hydrobromic acid, 
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A series of experiments designed to change the acidity of an oil 
was made. Oil No 15 was treated in three different ways. The 
first process was a distillation with steam for six hours m a strong 
sodium hydroxide solution followed by a thorough washing with 
water. The second process was a distillation with steam without 
alkali, and the third consisted in shaking a sample of the oil with an 
equal quantity of 50 per cent sodium hydroxide in a shaking machine 
The treatments with alkali were intended to neutralize any acids 
prpent and the steam distillation without alkali would have driven 
off any easily volatile acids. The relative toxicity of the oils treated 
by the three processes was determined by their effect on barley 
seedlings, but no improvement in the oils was observed as the fol- 
lowing data show: 


Treatment of oil — Loss in weight of barley seedlings in jive days {duplicate 

determinations) 


Per cent 


Oil, With addition of an equal quantity of 50 per cent NaOH steam dis- 
tilled for six hours, then washed thoroughly with water 65 8 

Oil steam distilled and not washed 72 7 

Oil, with addition of an equal quantity of 50 pei cent NaOH, m shakei for 
five hours, then washed thoroughly with water 52 2 


Another senes of trials was made with oil No. 15 Samples were 
treated separately with bromine, potassium permanganate, distilled 
with steam and sulphuric acid, shaken with soil, and the sample that 
was distilled with steam and alkali in the foregoing trials was washed 
with a large quantity of very dilute hydrochloric acid and then with 
water The following results were obtained. 


Treatment of oil — Loss in weight of barley seedlings in three days {duplicate 

determinations) 


Per cent 


Shaken with KMn04, washed thoroughly with water, treated with potas- 
sium oxalate solution, and again washed thoioughly with water 20 3 

Shaken with excess of bromine, let stand overnight, and washed thoroughly 

with water 29, 7 

Oil that was steam distilled with strong alkali (see tabulation above), 
washed with laige quantity of 0.10 N HCl, and then washed thoioughly 

with watei 30 7 

Distilled with steam and three times its volume of commercial H2SO4 12 5 

Shaken with an equal weight of clay soil, centnfuged, and washed 21 1 

Normal oil, no ticatment 19 5 


The treatment with bromine should bring about complete satura- 
tion of the oil, wliile the action with potassium permanganate, 
although loss definite, should tend to make the reactive compounds 
in the oil more stable. The distillation with steam and commercial 
sulphuric acid was only a modified sulphonation, and it will be noted 
that this was the only one of the processes that produced beneficial 
results. 

The steam-alkah distilled sample brought forward from the work 
presented in first tabulation above was washed with dilute acid for 
the purpose of neutralizing any sodium salts of orgamc acids that 
might have been formed by the alkali treatment. The experiment was 
not successful however, for tins sample was the most injunous of the 
group. 

The purpose of shaking one sample with soil was to absorb sortie of 
the injurious fractions of the oil, but no significant result was obtained. 
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water had been shown to be related to injury, a small sample of the 
most injurious oil, No 15, was subjected to long-continued washing 
with water A 50 cc sample was put in a small percolating cylinder 
wuth an inverted siphon connected with the bottom Water was 
allowed to drop into the cylmder, down through the floating layer 
of oil and out through the siphon The fallmg water continually 
agitated the oil and carried out with it any soluble materials or com- 
pounds easily emulsified. The washing was continued for about 
eight hours and the od was later tested on barley seedlings. As 
shown m Table 2, the normal oil caused an injury of 40 6 per cent, 
while the washed oil caused an even greater injury, 46 1 per cent 
Tests were also made to determine the effect of complete sulphonation 
Oils 5 and 15 were completely sulphonated according to the standard 
method The improvement m oil No 15 was very slight An in- 
jury of 37.0 per cent was caused by the completely sulphonated oil 
No 15 as compared with 40 6 per cent for the normal, while with 
oil No 5 the injury decreased from 44.6 per cent for the normal to 
24 6 per cent for the sulphonated In the same series the completely 
sulphonated oil No 24 caused an injury of only 12 8 per cent. These 
results indicate that sulphonation of spray oils is not a complete 
remedy for plant injury. 

Oil ISTo. 24 has been previously mentioned as an eastern oil with a 
paraffin base Oil No 3 is probably in the same class, but the other 
oils are from western fields In view of the great difference in the 
degree of injury caused by completely sulphonated oils No 24 and 
No 15 it IS probable that the location from which the crude oil was 
taken may have had an important bearmg on the results _ At least 
all mjury can not be attributed to the sulphonatable portion. 

Table 2 — Loss m weight of barley seedlings during an interval of five days after 
spraying with oils Nos 15^ and 5 which had previously undergone various 
treatments 


Oil 

No, 


24 


®|{ 


Treatment of oil 


Normal 

With 1 0 per cent ethyl mercaptan added.. 
With 0 05 per cent ethyl mercaptan added. 

With 1 0 per cent ethyl sulphide added 

With 0 05 per cent ethyl sulphide added... 

V ith 1 0 per cent amylene added 

Normal 

Completely sulphonated 

Washed for eight hours with water 

Normal 

Completely sulphonated 


Loss in 
weight of 
barley 
seedlings 
(dupli- 
calo do- 
termina- 
tions) 


/Vr cent 
12 « 


JO 7 
lb I 
40 0 
27 0 
40 1 
44 0 
24 0 


The data in Table 2 show the effect of adding two of the probable 
sulphur compounds of petroleum (ethyl sulphide and ethyl mercaptan) 
and one unsaturated hydrocarbon (amylene) to oil No 24. In every 
case the injury was greater than that produced by the normal oil, but 
there is an apparent inconsistency with the sulphur compounds, in 
that the greater additions of sulphur caused the smallest increase in 
injury. 
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The data given in Table 2 and in the tabulations on p 785 are from 
three tests with barley seedlings made at different seasons of the year 
and they are not therefore comparable It is obvious that conditions 
of growth in tests made at different seasons will vary and that com- 
parisons should be made only between samples that are grown side by 
side and at the same time. 


SUMMARY 

A laboratory method for determining the relative injury to barley 
seedlings caused by different oils and by oils treated by different 
processes, has been developed. The relation of the injury produced 
by these oils on barley seedlings in the laboratory to that produced 
on apple leaves in field experiments has been indicated. 

Analyses of different spray oils have been made and the effect of 
the oils on barley^ seedlings is shown. 

Although no single analysis of spray oils has been found to be 
dhectly correlated with injury, the relation of certain properties of the 
oils to injury is shown Sulphonatable portion, sulphur, bromine 
absorption, acidity, ability to emulsify, and color all increase with 
increasing injury. 
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BULK AS A FACTOR IN FORMULATING GRAIN 
MIXTURES FOR DAIRY CATTLE' 


By L A. Mooke, Research Assistant m Dairying^ C. F Huffman, Research 

Associate in Dairying^ and M. M Plum, Graduate Student^ Michigan Agricul- 

tural Experiinevt Station 

INTRODUCTION 

For many years treatises on the feeding of dairy cattle have stated 
that bulk IS a factor that must be considered in making up a grain 
mixture for dairy cattle A typical recommendation ^ reads as 
follows : 

Heavy feeds, such as cottonseed meal, ground corn, and feeds of that nature, 
if fed without being mixed with some bulkier feed tend to form a doughlike mass 
in the stomach when they become moistened and are not easily penetrated by 
the digestive juices If, howevei, the gram ration contains a liberal portion of 
some bulky feed, as bran or feeds of that nature, it will remain porous when 
becoming moist in the stomach and will be easily digested. It is very important 
then that if a cow is being fed a laige gram ration, that a liberal portion be of a 
bulky nature 

Bran is probably one of the most common feeds used to give bulk to the gram 
ration In addition it is a feed of high-protein content Ground corn and cob 
meal is also often used in the dairy lation The ground cob, while very low in 
feed value, has the distinctive value of giving the gram ration bulk. The fiber 
portions of ground gram sorghum heads are found to perform much the same 
purpose m that they add bulk 

This recommendatioix that the grain mixture should be bulky is not 
the result of experimental investigation. It is the result rather of the 
line of reasoning that if the grain mixture remains lumped together 
in the digestive tract, the digestive juices can not act upon it. How- 
ever, account has not been taken of the fact that the rumen of the 
bovine is in a state of constant activity, and as a result the lumps or 
'^boli'^ may be very effectively broken up and their contents mixed 
with the roughage part of the ration consumed by the animal. It is 
also possible that some of the boll are regurgitated and broken up by 
mastication. 

Armsby ^ states: 

The rumen is so large that it always contains a considerable amount of material 
and the now feed when swallowed is more or less completely mixed wnth that 
already m the lumen by the peristaltic action of the latter, thus tending to pro- 
long its stay. The liquid or comminuted portions probably pass on directly to 
the omasum, or manifolds, and the abomasum, but the bulk of the feed undergoes 
the process of rumination. 

Colin by means of a rumen fistula, observed the activity of the 
rumen and its ability to macerate and mix the newly arrived contents 
of the rumen and reticulum. He also expressed the opinion that 
finely pulped material may m part pass directly to the four reservoirs, 
or that that which does not pass immediately into the last two is soon 
washed there. 


1 Eeceived for publication Sept 25, 1931, issued June, 1932 Journal Article No 92 (new series) of the 
Michigan Agricultural Experiment Station 
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699 Pans 1886, 


Journal of Agricultural Eeseurch, 
Washington, D 0. 


( 789 ) 


Vol 44, No. 10 
May 16, 1932 
Key No Mich - 




May 16 , 1932 Bulh as a Factor in Grain Mixtures jor Dairy Cattle 791 


The purpose of the present investigation was (1) to determine the 
ability of the rumen to break up and dissolve such lumps or boh as are 
formed during deglutition of a gram mixtui’e, and (2) to find whether 
ground grains pass more or less quickly to the omasum and abomasum 
or whether they remain in the rumen and are mixed with its contents. 

EXPERIMENTAL PROCEDURE 

In this investigation 32 animals were used, one of which had a 
rumen fistula The animals were given their regular feed of gram, 
silage, and hay about 6 a ra. About noon they were fed 5 pounds of a 
certain concentrate a certain number of hours before they were to be 
slaughtered, the purpose being to see how many boli could be recovered 
after certain feeds were given. Some of the animals were fed the 
concentrates before they were trucked to a slaughtering house, a 
distance of about 3 miles, and some were fed afterwards Some were 
slaughtered locally and had to be led only about 100 yards No 
animals were used that did not clean up the feed offered them withm 
15 minutes after it was fed. After an animal was slaughtered, the 
contents of the rumen were carefully sorted over by hand for lumps or 
boll present. 

Linseed meal was used in a large number of these trials, since it is 
one of the most cohesive of cattle feeds when it becomes moistened. 
Five animals were fed 5 pounds of ground oats each and slaughtered 
one hour later Five were fed 5 pounds of ground corn each and 
slaughtered one hour later Three were fed a mixture of 2)i pounds 
of linseed meal and 2K pounds of ground oats each and slaughtered 
one hour later. Three were fed 2^ pounds of Imseed meal and 2K 
pounds of ground corn each and slaughtered one hour later. Three 
were fed 5 pounds of linseed meal and slaughtered one hour later 
Four were fed 5 pounds of Imseed meal each and slaughtered three 
hours later, and five were fed 5 pounds of linseed meal each and 
slaughtered eight hours later. 

The animal with a rumen fistula was used after the method of 
Schalk and Amadon In five trials she was fed 5 pounds of hnseed 
meal one hour befoie the rumen was emptied through the rumen 
fistula, in five trials she was fed three hours before it was emptied, 
and in five trials she was fed eight hours before it was emptied 
The rumen contents were replaced after they had been sorted over for 
boll, and the procedure was not repeated for at least 72 hours. A 
plug with a leather flange was kept m the opening of the fistula This 
animal was in good condition after the experunents were finished, as 
shown in Figure 1 . _ 

In order to obtain information as to the course of the ground foods 
in the rumen and reticulum, three animals were given foods dyed with 
Sudan III and slaughtered as soon as possible after they had fimshed 
eating. Animal M236 was fed 5 pounds of a dyed gram mixture 
containing 3 parts ground corn, 1 part oats, and 2 parts hnseed meal 
This animal was slaughtered 15 nunutes after she was given the feed 
Animal M234 was fed 5 pounds of the same grain mixture that was fed 
M236, and slaughtered 20 minutes later Animal 47 was fed 5 
pounds of dyed ground corn and slaughtered 25 minutes later The 


lOHf’HAhK* A F„ and Am\don, K S Op fit 
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Schalk and Amadon/ using the same method as Cohn, I'eached a 
similar conclusion 

Nevens ® fed ground corn, dyed with Congo red 4 B, to cows which 
were killed shortly after feeding In every instance practically all 
the corn was found m the rumen and reticulum mixed with the other 
contents. Very little of the ground corn was localized, and in only 
one case was it found farther than the rumen and reticulum He 
states. ‘^The mixing had been done almost as thoroughly as could 
be done by hand or by means of a mechanical mixer ” The findings 
of Nevens were therefore somewhat contrary to those ol Colin \ 
Schalk and Amadon, ® and to the belief of Armsby ® m that Nevens 
found practically all of the ground material in the rumen and reti ulum 
mixed with the other contents. 

Before the investigation reported m this paper was begun, the re- 
sults of an experiment carried on by the dairy section of the Michigan 
experiment station had shown that dairy cows receiving 14 pounds of 
linseed meal per day for several months, without the addition of 
bulky material, remained healthy and showed no tendency to go off 
feed. The quantity of linseed meal and corn consumed are given in 
Table 1 The results of this experiment suggested that it may not be 
necessary to consider bulk in makmg up a gram mixture for dairy 
cattle 


Table 1 — Results of heavy consumption {pounds) of linseed meal and ground corn 
hy cows during a long feeding experiment 


Animal 

No 

Lactation 

Average daily consump- 
tion from two to six 
months, inclusive, after 
calving « 

Average daily consump- 
tion from calving to 
calving 

Appetite 


Lin- 

seed 

meal 

Com 

Total 

Lin- 

seed 

meal 

Corn 

Total 



G-2| 

1 First 

I Second 

Third 

8 7 
10 6 
11 8 

1 0 
6 1 
7 7 

9 7 
15 7 
19 5 

7 1 

8 7 

0 6 

4 3 

7 7 
13 0 ‘ 

Good 

Do 

Do 

Do 

1)0 

Oil feed July 2-12, 1931. ** 

0-4| 

I First 

1 Second 

1 Third 

11 9 
14 3 
13 9 

4 0 
7 3 
10 5 

15 9 
21 6 
24 4 

8 9 
10 6 
11 1 

2 7 
4 H 

11 6 
16 3 
20 5 




y 4 

[ 

First 

9 3 
11 1 
11 7 

2 3 

5 1 

8 2 

n 0 

IG 2 
19 9 

7 9 

8 0 
9 0 

1 2 

3 2 

6 8 

9 1 
11 2 
15 8 

Good 

Do. 

Do 

G-Gj 

Second 

Third 

G-8 

First 

9 7 

2 8 

12 5 

8 7 

2 0 

10 7 

Do 

G-lo| 

First 

Second 

Third 

9 0 
12 2 
11 5 

2 C 

0 4 

8 3 

11 6 

18 b 

19 8 

5 7 

9 9 

1 4 

5 0 

7 1 
14 9 

Do 

Do 

Do 

Do 

0 'FaU/'I FaI* 4 1 V\ A* 14* 

G-12| 

First 

Second 

10 2 

8 5 

4 1 

5 4 

14 3 
14 0 

8 2 

2 8 

11 0 








vjii iveci lor uDout ou (lays 

G-14 

First 

11 0 

3 5 

14 6 

9 4 

3 0 

12 4 

Good 

G-16 

First 

10 6 

6 0 

16 6 




OfiP TtiIvO a 10^1 






1 1 


W ll iLLU uiy ^ ‘if I cfoi 




^ Cahed, June 29, 1931 
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Table 2 — Boh recovered from three animals slaughtered one hour after being fed 
2 Y 2 , ‘pounds of linseed meal and pounds of ground oats, and fiom three others 
slaughtered one hour after being fed pounds of linseed meal and pounds of 
giound corn 


ANIMALS FED LINSEED MEAL AND 
GROUND OATS 


Animal No « 

Quantity of feeding re- 
co'vered as boh 


Grams 

Per cent 

204 

3 

0 13 

035 

3 

,13 

171 


26 

ANIMALS FED LINSEED MEAL AND 
GROUND CORN 

262 

10 

0 44 

129 

lOS 5 

8 75 

191 

56 7 

2 50 


« All animals trucked to place of slaughter 


Table 3 —Boh recovered from animals slaughtered 1, S, and 8 hours after being fed 

5 pounds of linseed meal 


ANIMALS SLAUGHTERED ONE HOUR 
AFTER FEEDING 

Animal No 

Quantity of feed recov- 
ered as boll 


Gram^ 

Per cent 

26 

113 4 

6 00 

223 » 

453 6 

20 00 

256>- 

510 3 

22 50 

ANIMALS SLAUGHTERED THREE HOURS 

AFTER FEEDING 


1 

253 ! 

113 4 

5 00 

217 » 

313 0 

13 80 

18Q «* 

83 0 

3 66 

233 » 

300 0 

13 23 

ANIMAI.S SLAUGHTERED EIGHT HOURS 

AFTER FEEDING 


231 « 

1 0 

0, 04 

M2r)9 « 

28 4 

1 25 

153 « 

17 0 

75 

184 » 

12 0 

53 

M266 - — - 

6,0 

.22 


« Trucked to place of slaughter, 


When 5 pounds of linseed meal was fed and the animals were 
slaughtered 1 hour, 3 hours, and 8 hours after feeding (Table 3), it 
was found that the rumen had considerable ability to break down 
and dissolve the boli (Figs 2 and 3 ) When 5 pounds of Imseed 
meal was fed and the animals were slaughtered one hour later the 
largest amount recovered was 22 6 per cent, but when the animals 
were slaughtered eight hours after feeding the largest amount re- 
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feed of the five animals that received 5 pounds of ground oats and the 
five that received 5 pounds of ground corn and were slaughtered one 
hour after feeding, was dyed with Sudan III 

RESULTS 

No boll were recovered from the rumen of the five animals that were 
fed 5 pounds of ground oats and slaughtered one hour later. The 
dyed oats were found fairly well distributed throughout the contents 
of the rumen Likewise, no boh were found in the five animals that 
received 5 pounds of ground corn and were slaughtered one hour later; 
yet corn is generally considered a heavy feed 



Figuke 1— Cow No 238 with rumen fistula after the 15 trials reported in this investifcntion were 
nnished 1 he plug has been remo\ed in order to show the opening of the fistula 


The weights of the boli recovered from the various other ground 
feeds are shown in Tables 2 and 3 

When 2K pounds of linseed meal was fed with 2}i pounds of ground 
oats and ground corn, respectively, the ground oats had the effect of 
separating the feed material, as is shown by the fact that much less of 
the mixture of ground oats and linseed meal was recovered than of 
ground corn and Imseed meal (Table 2 ) However, a mixture of 
equal parts of ground corn and linseed meal would be about the heav- 
iest and stickiest mixture that a farmer would ever use In the three 
trials with this mixture only from 0 44 to 8 75 per cent of the concen- 
trates was recovered in the form of boli when the animals were slaugh- 
tered one hour after feeding 
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average percentage of linseed meal recovered in the eight tests 
was 16 4 In the 9 tests in which the boh were recovered three hours 
later it was 8 2 per cent, and in the 10 tests in which boh were re- 
covered eight hours later it was 0 6 per cent 

In the three trials in which the animals were slaughtered 15, 20, 
and 25 minutes after the dyed feed was offered, no feed was found in 
the omasum or abomasum In the case of M234 and 47, which were 
slaughtered 20 and 25 minutes after being fed, the feed was fairly 
well mixed with the rumen contents 


Tabi;B 4 — Boh recoveied from animal No 238 ^ with i u men fisiula, in 15 trials ajtei 
feeding 5 pounds of linseed meal and having the rumen emptied 1, 3, and 8 hours 
after feeding 


Trial No 

1 hour after foedina: 

Trial No 

3 hours after 
feedinn 

Trial No 

8 hours ‘ifter feed- 
ing 

3 

4 

Grams 
fill 0 
323 0 
125 0 
562 0 
27« 0 

Per cent 
2G 114 
14 24 

5 51 
21 78 
12 30 

fi 

^ 

0 

10 

Grams 

21 0 
160 0 
312 0 
121 5 
252 0 

Per cent 

0 1)3 

7 05 
13 75 

5 30 
11 11 

11 

12. 

13 

14 

15 

Grams 

17 0 

9 0 

6 0 

18 0 
21 2 

Per cent 

0 75 
40 
2C> 
70 
01 


In the tests in which five animals received 6 pounds of ground dyed 
oats and five received 5 pounds of ground dyed corn one hour before 
slaughter, there wore two instances in which the dyed food was found 
in all four compartments In one case the ground oats were found 
as far as the abomasum and in three cases as far as the omasum 
However, the amounts found in both omasum and abomasum were 
insignificant 

DISCUSSION OF RESULTS 

In analyzmg the results obtained in this investigation it should be 
kept in mind that it is more than likely that the strength of contrac- 
tion of the walls of the rumen varies somewhat in different animals, so 
that the material fed would be acted on more severely m some than 
in others Moreover, the strength of contraction in the same animal 
may vary from time to time, as is shown by the varying results ob- 
tained from the animal with the rumen fistula The hanger of the 
animals at the time of feeding would also influence the rate at which 
they would consume their food, and this in turn would affect the 
nuihbcr and size of boh formed by deglutition It should also be 
noted that there was as much vanation in the weight of boll recovered 
from the animal with the rumen fistula as there was from the slaugh- 
tered animals This would seem to eliminate any factor introduced 
by trucking the animals to the place of slaughter In these studies no 
boli were noticed in either the omasum or the abomasum. 

From the results of this investigation it would seem that the rumen 
ha« the ability to break up and dissolve boh even of the most cohesive 
feeds The animals used in the tests mixed the feeds fed them with 
the roughage material of the rumen Bulk therefore appears to be 
unnecessary in the grain mixture except possibly in the case of high- 
producing test cows that are being ve:^ heavily fed. 

The results of this investigation mdicate that the ground feeds all 
go to the nimcn and reticulum and are mixed with the contents of 
these compartments. Once mixed with the rumen contents, they 
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covered was 1 25 per cent Very similar results were obtained with 
the animal having the rumen fistula (Table 4 ) 



Figure 2 —Boh recovered from animal 256, fed 5 pounds of linseed meal and slaughtered one hour 

after feeding 



Figurf S —The approrimate decrease of the boh of linseed meal in 
three (B) and eight (0) hours after feeding as compared to one hour 
(A) after feeding 


By combining the results of the experiments in which linseed meal 
was fed and the animals slaughtered one hour later (Table 3) with the 
results of the experiments m which linseed meal was fed and the 
rumen emptied one hour later (Table 4), it will be found that the 
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CYTOLOGIC AND GENETIC STUDIES OF VARIABILITY OF 
STRAINS OF WHEAT DERIVED FROM INTERSPECIFIC 
CROSSES ‘ 

B\ LeRoy Powers 2 

Assistant Professor of Plant GeneHcs^ Minnesota Agucultuial Experiment Station 

INTRODUCTION 

Tho possibilities of combining the desirable characters of the 
mlgare and emmer groups of wheat m a single variety have received 
considerable attention from plant breeders. Special emphasis has 
been given to the breeding of a wheat that would combine the resist- 
ance to black stem rust {Puccinia gramims tntici Erikss, and Henn ) 
of tho emmer group with the milling and baking quahties and other 
desirable characters of the mlgare group At tho Minnesota Agri- 
cultural Experiment Station a cross of Marquis with a Inghly rust- 
resistant variety of durum called lumillo was made in 1914, from 
which Marquillo was produced This variety possessed 42 chro- 
mosomes, high- 3 nLeIding ability, resistance to stem rust, and stiff 
straw. When subjected to milling and baking tests, Marquillo wheat 
appeared to yield a flour which could be converted into bread that 
was satisfactory in every particular except perhaps in the matter of 
color 

Marquillo was a distinct step in advance, but there was still room 
for improvement Accordingly, homozygous rust-resistant lines from 
the cross of Marquis X lumillo were crossed with KanredX Marquis 
selections, which excelled in agronomic characters Minnesota 2303 
is a selection from this cross which gives considerable promise, being 
rust resistant, possessing desirable agronomic characters, and appar- 
ently milling and baking qualities equal to those of Marquis. 

The investigators at the University of Minnesota realized that 
Marquillo exhibited somewhat greater variability in agronomic 
characters than such varieties as Marquis Cytological research 
was started m an endeavor to determine the germinal stability of 
this variety As the work progressed it seemed desirable to add 
Marquis to the studies foi purposes of comparison and Minnesota 
2303 was included in a part of the study because it has considerable 
promise of becoming a highly desirable economic variety The 
results are reported in this paper 
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await their turn at being exposed and washed to the otnasuin and 
abomasum These observations concerning the coin-so of ground 
feeds are in harmony with those obtamed by Nevena " hut not with 
those of Colm and Schalk and Aniadon 'h The, results of ( ^olin and 
of Schalk and Amadon were obtained with animals having rumen 
fistulas, whereas those of Nevens and those of t.lu' pri'sent writers 
were obtained with slaughtered animals. Studu's upon the isnirsi* of 
feed similar to those of Cohn, a,nd of Schalk and Amadon were not 
made, since by their method it is neeessaiy to remove a port, ion of 
the rumen contents, which might produce abnormal etreets on the 
course of feeds 

Feeders often note that when heavy rations are fed, the animals 
show a greater tendency to go off feed than whcti light rations are fed 
However, the results of the experiments herein reported seem to show 
that the reason for the cows going off feed may not be a lack of bulk 
m the grain mixture 

In order to obtain bulk in light grain mixtures farmers frequently 
purchase bran, although it is generally possible to obtain the quantit.y 
of protein found m bran in cheaper form in other high-pro tom con- 
centrates Such feeds as beet pulp, ground oat hulls, and ground 
alfalfa are sometimes added to ready-mixed feeds for the punmse of 
supplymg bulk, and these cheap materials are thereby sold at grain 
pnees 

In the light of the expenments herein reported it does not aiipear to 
be good practice for farmers who are feeding for economical milU 
production to purchase bran or any other feed to add bulk to the 
grain mixture when the protem of such feeds is more expensive than 
that m other protein concentrates. The placing of oat hulls, beet 
pulp, and ground alfa,lfa in commercial feeds for the purpose of adding 
bulk can not be justified. These feeds are primarily roughages and 
when they are placed in the gram ration they compete with the 
roughages produced on the farm 

SUMMARY 

M the grains consumed appeared to pass directly to the rumen and 
reticulum, where they were mixed with the contents of the rumen. 

When 5 pounds of linseed meal was fed and the animals were 
slaughtered one hour afterwards, from 5.0 to 22.5 per cent of the feed 
was recovered m the form of boh However, when 5 pounds of 
linseed meal was fed and the animals wore slighterod eight hours 
afterwards only from 0 04 to 1.25 per cent of the feed was recovered 
m the form of boh 

The results obtained on an animal with a rumen fistula checked very 
closely with those obtained on the slaughtered animals 

Since boh are broken up and mixed with the roughage in the rumen 
and reticulum, it appears unnecessary to consider bulk m the make-up 
of a gram mixture for dairy cattle fed for economic milk production 


“ Nevens, W B Op cit 
» Colin, G Op cit 

“ Schalk, A P , and Amadon, R S Op cit. 


U.S tfOVBRNMKNT PRINTING OrrrCKtt»»B 



Juno 1, 1032 


Variability in Strains of Wheat 


799 


Huskins (5) found that m spoltoids of type A furnished him by 
Akennaii the gametes all liad 21 chromosomes. No deviation from 
the normal arrangement of 21 bivalents was found in the normal 
plants The heterozygous spoltoid plant showed a trivalent and a 
univalent in many of its pollen mother cells, though naturally it was 
not always possible to prove the existence of both in the same cell 
The homozygous speltoid plant showed a quadrivalent m many of its 
pollen mothei colls and a trivalent was seen in two of them. 

Huskms {9) examined spoltoids of the B type furnished by Nilsson- 
Ehle The normal plants have the normal chromosome number and 
normal divisions Each of the heterozygotes has only 41 chromo- 
somes In almost every case these formed 20 bivalents and 1 uni- 
valent According to Iluskins, Akerman has described a strain that 
differs from the ordinary B type strains in having produced some 
moderately vigorous and fertile homozygous speltoid progeny instead 
of only sterile dwarf ones Huskms (9\ from 30 seeds of a descendant 
homozygous speltoid plant sown in November, 1926, obtained 10 
homozygous speltoid progeny One of these was examined cyto- 
logically and found to have only 41 chromosomes The behavior of 
this one was different, however, from that found m the 41-chromosome 
heterozygote of preceding strains The odd chromosome was seen 
dividing on the plate during the anaphase in only about 75 per cent of 
the cells examined A trivalent instead of a univalent was seen in a 
very large number of cells These trivalents weie of various shapes 
In no case was a trivalent found to be accompanied by one univalent 
in this plant. Split univalents going at random to either pole were 
scon m many second divisions 

Huskms (9) found the heterozygous speltoid plants of type C to 
have 43 chromosomes, the homozygous spoltoids were allrathei weak, 
more or less sterile, and had 44 chromosomes At the first metaphase 
of the heterozygous speltoids the chromosomes weie beheved to be 
arranged usually as 20 pairs and 1 trivalent The method of pairing 
of tlie trivalent was usually end to end All the 44 chromosome C 
types were very irregular cytologically 

" Huskms (9), in studying the speltoids, noted further abnormalities 
In one case tlie loss of approximately half a chromosome was noted 
and m another two of the members of a trivalent showed distinct 
subterminal constrictions One of Huskms’ illustrations of the 
metaphasc of the first division shows a pair off the ecpiatorial plate. 

Iluskins (8) reports the occasional occurrence of laggard and vaga- 
bond (‘hromosomes m varieties of Arena satvm He also reports that 
all the type 1 fatuoids had 42 chromosomes In the normal segregates 
cytological conditions were found to be more irregular than in normal 
pure-line varieties of sail m The presence of laggard and vagabond 
chromosomes was noted more frequently, and fewer cells showed 
perfectly regular splitting of the bivalents m the first anaphase 

MATERIALS AND METHODS 

In 1929 seed of Marquillo was space planted in 5-foot rows so as to 
make possible individual plant studies Two spikes on each of the 
resulting plants were bagged and both bagged and nonbagged spikes 
were hai vested the following fall Later the percentage of fruitfulness 
was determined on both the bagged and nonbagged heads Cytologic 
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REVIEW OF LITERATURE 

The literature on the c^^tology of Tnticuni, especially as it pertains 
to pliylogcny, has been reviewed by Aase {1) ^ Watkins {18) gives 
a critical account of the present knowledge of the origin and gonotK* 
relationship ol the wheat species, and their cytological and genetic 
behavior when crossed For a more extensive review of literatuie 
than IS given here the reader is refeiied to their articles In this 
paper only that part of the literature is considered which has a direct 
bearing on the problem under discussion 

Huskins {10) states that his colleague, J Philp, has found chromo- 
some irregularities in the Fi plants resulting from crosses of hexaploid 
oats Huskins {10) also found irregular chromosome behavior in 
a cross between TnUcum vulgare and T spelta made by Nilsson - 
Leissner Huskms states that Nilsson-Leissner found this cross to 
segregate commonly for type of glume m a 3:1 ratio, but sometimes 
in almost the reveise proportions, and a number of abnormal types 
appeared 

Sapelun {15), working with pure lines of wheat and Fj crosses be- 
tween 42-chromosoine wheats, distinguished two types of anomalies 
which occur during meiosis The first of these types is characterized 
by the occurence of univalents, the second typo by a disorderly 
arrangement of the chi’omosomes which readily vacuolize Sapelun 
states" that by cytological investigation he has proved that spore 
formation does not proceed normally in all pure lines, but that there 
occur anomalies of the first type in numbeis from a fraction of 1 per 
cent of the cells to several per cent He makes the following state- 
ment {15, p 164) 

Of special interest in this regard is the best yielder among the authoi ’s pin o 
lines of soft spring wheat, Tt milturum 00189, showing eveiy ycai up to 20“30^'o, 
and sometimes even up to 50-60%, of spore mother cells of anomalies of the 
second type * * as the author’s investigations have shown, spoic foima- 

tion m Fi 00180 Xothci 42-chromosome wheats displays on the whole normal 
pictures, no matter ’ivhethei 00180 has been the mothei oi the fathei iilant 

Sapehin found that many anomalies were produced m crosses of 
Ukrainian lines with ^'related” or ‘‘identical” varieties from Afghan- 
istan and eastern Siberia 

On the basis of ratios in which the hcteiozygous speltoids segregate, 
Nilsson-Ehlc {13) divided speltoids into three types, A, B, and (\ 
In typo A the ratio approximates 1:2-1 (564 normal segregates: 757 
heterozygous speltoids: 165 homozygous speltoids), but the homozy- 
gous speltoids were deficient He lound that hetcrozygotes of type B 
gave very few homozygous speltoids, and the hoterozygoti's were 
more numerous than would be expected on a 1:2 1 basis A total 
ratio of 317 normal segregates 1,300 heterozygous speltoids 13 
homozygous speltoids was obtained His heterozygotes of type V 
again gave very few homozygous speltoids but gave more normals 
than hetcrozygotes, a total of 491 normal segregatos:456 lieterozygous 
speltoids: 8 homozygous speltoids However, this difference between 
the normals and heterozygotes is not great Nillson-Elile found that 
m most cases the three types A, B, and C are easily distinguished by 
their different ratios, but occasionally a ratio may leave tlu^ matter 
doubtful, for example, 120:188:1. 


3 EeferencG made by number (italic) to Literature Cileil, {) Kill 
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were made, was obtained from plants spaced 3 mclics apart in 5-foot 
rows 

The progeny of 23 of the 30 plants studied cytologically were 
grown in 1930 for the pin pose of correlating morphological and size 
variations under field conditions with previously determined cytologic 
irregularities and also for the purpose of determining the amount of 
natural crossing Only seed from spikes that had been bagged the 
previous year was used in planting The plantings were made m 
5-foot rows 4 inches apart and the seed was spaced 4 inches within 
the row First, two rows of Ceres were sown, then two days later 
a row of Marqmllo, and two more rows of Ceres This method of 
planting provided for two rows of Ceres on one side of Marqmllo 
planted two days earlier and two rows on the other side planted on 
the same date as Marqmllo During the summer two heads of each 
plant of Marqmllo were covered before pollination had occurred and 
the remaining spikes were left uncovered Notes were taken on 
emergence, survival, number of spikes per plant, height of individual 
plants, fruitfulness, weight of seed per plant, and certain qualitative 
characters 

Only the outside florets of the noncovered seed were used in deter- 
mining percentage of fruitfulness Coefficients of variability were 
calculated for the percentage of fruitfulness in outside florets of non- 
covered spikes, center florets of noncovered spikes, outside florets 
of covered spikes, and center florets of covered spikes The coeffi- 
cients of variability were 16 5±1 30, 117 2 ±6 16, 22 3±178, and 
1 31 9 ± 12 96, respectively These results show that the center florets 
in noncovered and covered spikes varied greatly m percentage of 
fruitfulness and that the outside florets of the bagged spikes varied 
more than nonbagged spikes The average percentage of fruitfulness 
in the outer florets of the noncovered spikes was 85 1 ± 0 92 as com- 
pared to 18 9 ±2.09 for center florets, 78.8 ± 1 33 for outer florets of 
covered spikes, and 12 9 ± 2 10 for center florets of covered spikes. 
Because of these results only the outside florets of noncovered spikes 
were used as a measure of fruitfulness 

In tests conducted in the greenhouse during the winter of 1929-30, 
progeny of eight plants of Marqmllo in the seedling stage showed 
pronounced resistance to Pnccima graimnn tritici, physiologic form 
21 Ceres tested at the same time showed susceptibility To 
determine the amount of natural crossing in these lines, seeds from 
bagged spikes of these plants were planted in the manner outlined 
above During the summer two heads of each plant were bagged 
and those remaining were left uncovered The following winter 
progeny fiom both covered and noncovered spikes were tested in the 
greenhouse for resistance to black stem rust, form 21 Since sus- 
ceptibility is dominant in a cross between Marquillo and Ceres the 
plants resulting from cross fertihzation were readily distinguishable. 

TERMINOLOGY 

Certain terms used in discussing the different chromosomal aber- 
rations found occurring during microsporogenesis may need some 
explanation Nonorientation of bivalents has been applied to the 
occurrence of a bivalent or bivalents off the equatoiial plane just 
prior to disjunction of the main group of bivalents during metaphase 
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material was taken from plants selected at random and the entire 
florets of spikelets were killed and fixed m Allen's modification of 
Bourn's solution All cytologic studios wore made from permanent 
paraffin sections stained by using Newton’s lodine-gentian-violet 
method as described by Huskms (S) 

Sections were cut 15/x thick and lengthwise of the spikelet, with the 
exception of a very little of the earlier prepared material, which was 
cut transversely This method of handling the material provided a 
side view of a majority of the achromatic figures of the microsporo- 
cyte, greatly facilitated the studies, and enhanced the ease with which 
they could be made, as a greater number of microsporocytes or micro- 
spores could be studied in one section Sufficient end views of achro- 
matic figures were obtained for purposes of comparison and the making 
of chromosome counts The use of entire spikelets was also par- 
ticularly advantageous as sections were frequently found which 
showed a number of the stages of sporogenosis For example, a 
single section has been found showing the prophase of the first divi- 
sion, diakinesis, metaphase of first division, diads, and nearly 
mature microspores 

All counts of chromosomes were made from a side or end view of 
the metaphase or early anaphase of the first meiotic division of 
microsporogenesis The number of chromosomes was determined by 
making counts from those cells having the chromosomes distinctly 
separated, and, therefore, easily distinguishable (PI. 4, A, D, and F ) 
In most plants it was possible to get good counts from both side and 
end views of the mataphase as well as the anaphase Determination 
of chromosome number from side views was made by the aid of 
camera-lucida drawings (PI 4, C and E ) 

The studies of the occurrence of microniiclei were made on im- 
mature imcrospores still grouped together in tetrads in practically 
all cases, but in a few of the plants the microspores had broken apart 
and no longer exhibited this arrangement However, in these latter 
plants the nucleus stained well and the micro^pores did not present 
the wrinkled condition characteristic of mature pollen grams Micro- 
spores through wdiich the knife had passed were not included in the 
counts, and only micronuclei well embedded in the cytoplasm were 
counted 

Of the material grown in 1929, 30 plants were studied botli cytolo- 
gically and genetically The progeny of three of those plants wore 
selected for further cytologic and genetic studies the next year, for 
the following reasons Plant 407-12-3 had only 41 chromosomes, 
plant 407-17-13 had the normal number of chromosomes but showed 
considerable iiregularity in chromosome behavior during micros])oro- 
genesis, and plant 407-12-24 possessed 42 chromosomes and was 
found to have considerable regulaiity of chromosome behavior during 
microsporogenesis. Marquis was included in these studies for pur- 
poses of comparison All seeds were sprouted in germinators, trans- 
planted into pots in the greenhouse, and later the resulting plants 
were transplanted into the field, being placed in 5-root rows, 1 foot 
apart and the plants spaced 6 inches within the row. Correlated 
data were kept on cytologic phenomena, germination, vigor of plants, 
survival, number of spikes pei plant, height ol individual plants, 
fruitfulness, weight of seed per plant, and certain (jualitative (diarac- 
ters. The material from which cytologic studies on Minnesota, 2303 
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nificance m relation to the fragmentation reported later, as it is 
extremely doubtful whether these parts of chromosomes would be 
passed on to the next generation The behavioi of the lagging 
chromosomes during the metaphase of the fiist division, anaphase of 
the se(*ond division, and telophase of the second division strongly 
indicates that these small clumps of chromatin are the result of lagging 
chromosomes which have formed micronuclei, and they will be con- 
sidered as such in the remaining part of this paper Complementary 
micronuclei are of common occurrence m young microspores of inter- 
specific wheat hybrids which are semihaploid. (Kihara {11), Watkins 
{17), Aase {!) ) 

Of 185 immature microspores examined, 30 3 per cent showed 
micronuclei, which, as will be shown later, is strong evidence that 
the microsporocytes had one univalent chromosome during sporo- 
genesis Very infrequently cases were found in which a cell wall had 
been laid down between the macronucleus and the micronucleus, 
thus forming miniature microspores. 

Plant 407-12-3 was the other one of the 32 examined that had 41 
somatic chromosomes, as determined by counts made from both the 
anaphase of the first division and side view of the metaphase Plate 
4, C, shows drawings of 20 bivalents and 1 single made from the side 
view of the metaphase of the first division. The counts on chromo- 
some number are further substantiated by the fact that of the 63 
pollen mother cells studied in the metaphase stage 57, or 90 5 per 
cent, showed the single chromosome Moreover, it was possible to 
find lagging chromosomes in the late telophase of the second division 
that gave indications of forming micronuclei Of the 667 immature 
microspores observed in the tetrad stage, 172 possessed both a macro- 
nucleus and a micronucleus This is 25 8 per cent of the number 
examined Of tins 25 8 per cent, the majority had only 1 micro- 
nucleus, but infrequently 2, 3, or 4 were present, the latter being the 
highest number found m 1 microspore Moie than 1 micronucleus in 
a single microspore is probably due to some of the chiomosomal aber- 
j’ations discussed later 

The occurrence of plants witlun a variety having one less than the 
normal <du*omosome number raises the question as to their origin It 
will be renicmbered that Marqiiillo is descended from a cross between 
Manjuis (42 somatic chromosomes) and Iiimillo (28 somatic chromo- 
somes) Are the 41-chromosome plants occuirmg in^ the fifteenth 
generation after the cross descendants of plants wliich have not 
attained the chromosome number normal to Tnticum vulgare or are 
they descendants of 42-chromosome plants and owe their origin to 
irregular behavior of chromosomes during meiosis*^ The clnomo- 
somal aberrations which are described below may be of some aid in 
answeiung this question 

OCCURRENCE OP MICRONUCLEI IN 42-GHROMOSOME PLANTS 

Thirty plants of Marquillo and Minnesota 2303 and 27 plants of 
Marquis were studied for the occurrence of micronuclei The data 
given in Table 1 show that 2.8 ±0 16 of the microspores of Marqmllo 
showed this condition, and 0 8 ± 0 04 of those of Minnesota 2303, and 
0.8 ±0 06 of those of Marquis One plant of Marquillo had as high 
as 7 6 per cent of the microspores showing micronuclei and another as 
low as 1.1 per cent, whereas the range in Minnesota 2303 was from 0 3 
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of sporogenesis (PI 1, C and D ) Noncoii] unction is used to signify 
the occurrence of a univalent or univalent chromosomes during the 
inetaphase of the reductional division, when presumably the homol- 
ogous mate oi mates of this univalent oi these univalent chromo- 
somes are present (PI 3, D ) Polyvalence has been employed to 
designate the union of throe or more chromosomes during the meta- 
phase of the reductional division (Pis 2, A, and 3, F ) Predis- 
junction IS used to denote the disjunction of a bivalent or bivalents 
in advance of the main group of conjugated chromosomes during 
metaphase of the reductional division (PI 3, E ) 

CYTOLOGIC STUDIES OF ABERRATIONS 

CHROMOSOME NUMBERS AND THE BEHAVIOR OP UNIVALENTS IN 41-CHROMOSOME 

PLANTS 

The number of chromosomes was determined for 32 plants of 
Marquillo grown in 1929, and 27 plants of Marquis grown m 1030 
The plants of both Marquillo and Marquis were unselected, and may 
be considered as representative in so far as samples composed of such 
small numbers can be representative All the plants of Marquis and 
all but 2 of the 32 plants of Marquillo were found to have the normal 
somatic chromosome number of 42 The somatic chromosome num- 
ber of the other 2 plants of Marquillo, culture numbers 407-15-17 
and 407-12-3, was 41 

A study of the different stages of microsporogenesis of these 41- 
chromosome plants IS of interest not only because it furnishes further 
evidence as to the authenticity of the counts, but also because it 
supplies information as to the behavior of the univalent chromosome 
during sporogenesis This information is valuable in an analysis and 
an interpretation of the significance of the chromosomal aberrations 
winch are discussed later 

In plant 407-15-17 microsporocytes showing different stages weie 
available — diakmesis, metaphase, late anaphase of the second divi- 
sion, telophase of the second division, and young microspores not 
having undergone complete separation (PI 5, A-F ) It was im- 
possible to identify the univalent chromosome in the diakmesis 
stage, as can be seen from an examination of Plate 5, A All but 
three of the chiomosomes m this figure showed their paired nature, 
and any of these three may well have been the univalent The 
univalent chromosome was clearly distinguishable m 84 ol the 101 
pollen mother cells examined during the metaphase of the first- divi- 
sion Plato 5, B, shows 20 pairs lined up on the equatonal plane a.n(l 

1 single and a fragment not on the equatorial plane Plate 4, F, is an 
end view of the metaphase of the same plant, showing 20 bivalents 
and 1 univalent chromosome Diads of the first division and nu^ta- 
phases of the second division were not available, but the sections 
showed some microsporocytes m the anaphase of the second division, 
and lagging chromosomes were present (PI 5, C ) Probably only 

2 of the 4 chromosomes not at the poles urc due to the uniValent 
chromosome of the metaphase Plate 5, D-F, shows the behavior 
of the lagging chromosomes during reconstruction of the nuclei aftcT 
the second division In the left half of Plate 5, E, is shovvn a (‘liromo- 
some which has been divided transversely, presumalily beiuiuse ot the 
formation of the cell plate This is believed to be oi‘ very lit-t-le sig- 
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Stages in the meiotie divisions, raicrosporocytes, photomicrographs (X 1,500) 

A -* Extrusion of karyotm, early liptotene stage, Marquillo 
B —Regular equatorial plane, inetaphase of first division, Marquillo 
C — Nononentation of a bivalent, nietaphase of first division, Marquillo 
D — Nonorientation of a bivalent, metaphase of first division, Marquis 
E —Nonconjunotion or predisjunction and nonorientation, metaphase of first division, Marquis 
P —Predisjunction and nononentatiou, inetaphase of first division, Marquis 
G —Lagging chromosomes a, reductional division only, b, reduction division and equational divi- 
sion, telophase of first division, Marquis 
H — Mioronuclei, microspores arranged in tetrads, Marquillo 

I —Univalent on the equatorial plane, metaphase o! first division, 41-chromosome plant of Mar- 
quillo 

T —Univalent off the equatorial plane, metaphase of first division, 41-chromosome plant of Mar- 
quillo 

K — Tnvalents, inetaphase of first division, 41-ehromosome plant of Marquillo 
L —Tnvalents, metaphase of first division, 41-ehromosome plant of Marquillo 
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per cent to 1 7 per cent and that of Marquis from 0 to 2 2 per cent 
There was only one plant of Marquis which failed to show the occui- 
rence of micionuclci As can be readily seen from an examination of 
the probale errors of the means, the diflerence noted between Marquis 
and Marqiullo is statistically significant, and the means foi Maiquis 
and Minnesota 2303 are the same In regaid to the pci ( outage oe^cui- 
rence of microniiclei, Marquis had a coefficient of variability of 53 7, 
Marquillo 46 0, and Minnesota 2303, 38 7 The data for Marquillo 
were based upon an examination of 18,644 niicrosporcs, those for Mar- 
quis upon 15,844 microspores, and those for Minnesota 2303 upon 
20,944 microspores, making an average of somewhat over 500 micro- 
spores per plant Only a few plants were included from which less 
than 500 microspores were studied, the lowest number was 382 

Table 1 — Amt age percentage and coefflcient of imiahihty of miciospote'^ showing 

mici oniiclei 


Variety or culture 

Numbei 
of plants 

Total 

Microspnres 

Micronuclei 

‘Average 

OoeRj- 
cient of 
van a 
l)lllt^ 

Marquillo 

30 

IS, 644 

2 Si:0 If) 

46 0 

Marquis. - 

27 

15, 844 

8± 00 

53 7 

Minnesota 2303 

30 

20, U44 

8=1= 04 

38 7 


It should be noted that 30 3 per cent of the microspores showed 
micronuclei in plant 407-15-17 and that 25 8 per cent revealed this 
phenomenon m plant 407-12-3 Micronuclei were present in 2 8 per 
cent of the microspores of the other 30 plants of Marquillo and in 
0 8 per cent of the microspores of Minnesota 2303 and Marquis. 
Plate 1, H, is a photomicrograph of inicrospoies of Marquillo showing 
micronuclei It has been shown that the micronuclei in the 41- 
clmomosome plant probably are formed from the univalent chromo- 
some^ The oiigin of the micronuclei in the 42-ehromosome plants 
remains to be determined 

EXTRUSION OF KARYOTIN 

Plate 1, A, is a photomicrograph of a very young nucrosporocyte of 
Marquillo culture, 407-15-17 (41 somatic chromosomes), in which 
karyotm is being extruded from the nucleus Both the nucleus 
and extruded karyotm were deeply embedded in the cytoplasm and, 
therefore, could not ha\e been touched by the microtome knife At 
first it was thought that the extruded karyotin might be the nucleons, 
but as can be seen fiom the photomicrograph, which also shows tlie 
nucleolus being extruded into the nuclear cavity, tlie two differ 
materially in structure and staining reaction Of the cells studied for 
this phenomenon, some m later stages showed a nucl(H)his in the 
nuclear cavity, but no cells were found in which the nucleolus was in 
the surrounding cytoplasm The amounts of t-he ka,ryotin varual 
from those as ]arg('. as tluit shown in Plate 1 to thosi^ approximately 
one-third of tliat size Plant 407-15-17 showed extrusion of larger 
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amounts ol kaiyotm (pi 1, A) m 12 of tlie 431 cells exananed and of 
smalloi amounts (pi 3, A) of tlio same material in 28 Tins abnor- 
mality occiiiTod m 2 8 and G5 per cent, lespectively, of the 
mi(‘rosporocytes 

In oixler to (letermine M^hethor this phenomenon was due to the 
abnormal chromosome niimbei of plant 407-15-17 the same studies 
wore made with plant 407-12-24 and a plant of Marquis In plant 
407-12-24, 0 5 p(H* cent of the 432 miorosporocytes examined exhibited 
large extrusions and 1 9 per cent smaller extrusions The plant of 
Marquis revealed 2 out of 540 miorosporocytes showing extrusion of 
smaller karyotm clumps and one of the larger size Extrusion of 
karyotm has been reported in the sporocytes of Crocus, Ins, Crepis, 
Oenothera, and other plants, according to Sharp (16) 

NONORIENTTATION OP BIVALENTS 

Between the diakincsis (pi 2, D, and 5, A) and metaphase (pi 1, B) 
stages there exists a transition peiiod in which the nuclear cavity and 
nucleolus disappear and the chromosomes undergo transformation, 
losing the ragged and loose appearance shown ]n Plate 5, A, and 
becoming more definite in outline and compact, as shown in Plate 5, B 
Examination of pollen mother cells showing this transition period does 
not indicate that the movement of the bivalents to the equatorial 
plane is a strictly methodical procedure Some of the chromosomes 
may be at the equatorial plane while others are clearly defined in the 
surrounding cytoplasm It seems, then, that at least m some cells 
all chromosomes do not undergo tins transformation with the same 
degree of lapidity, nor do all seem to arrive on the equatorial plane 
at the same time If such a supposition is true, it is to be expected 
that in some cases bivalent cliromosomes should be found off the 
equatonal plane when all the other chromosomes are lined up and 
ready to undergo disjunction 

C and D of Plate 1 are photomicrographs of microspores of Mar- 
quillo culture 407-12-24 and Marquis culture 225-3 which exhibit 
this coudition As many as thiee bivalents in one cell have been 
found off the equatorial plane This phenomenon has been termed 
nononentation of bivalents In these studies on nonorientation, 
i)uly those cells showing bivalents not on the equatorial plane when 
th(C romaming chromosomes were definitely oriented and about to 
undergo disjunction have been considered as showing this phenom- 
enon. Plate 1, B, is a side view of a Marquillo pollen mother cell 
showing all chromosomes lined up regularly on the equatorial plane 
The frequency of the occurrence of nononentation is of interest 
An average of 10 8 ±0 68 per cent of the 2,830 Marquillo micro- 
sporocytes studied showed nononentation of bivalents and an average 
of 6 9 ±0.49 per cent of the 3,327 Marquis microsporocytes levealed 
this aberration. The lowest percentage found in any plant of Mar- 
quillo was 3 8 and the highest was 28 6 per cent The range m 
Marquis was from 1 8 to 21 4 per cent 

The question as to the subsequent behavior of nonoriented bivalents 
is important m connection with the point whether they result in the 
formation of micronuclei in the microspores It seems possible that 
such bivalents might reach the equatorial plane late and undergo 
disjunction If such wore the behavior of these chromosomes, ^ it 
would be expected that they could be found undergoing disjunction 
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PLATE 2 



Stages The meiotic divisions, rmcroscrosporocytos, pliotoinicrographh (X l^rilM)) 

V --Polj"\alence, probably hevavalents, nietaphaso of first di\ lsiob, 41 chroinosoiiio phuil , MainuiUo 

B —Polyvalence off the equatorial plane, number of chromosomes involved Is unknown, 41 chroiiio 
some plant, Marquillo 

C— Tnvalents showing end constriction, metaphase of first division, 42-chromosoiue plant, 
Marquillo 

D —Fragment above nucleolus, diakmesis of first division, 41-chroniobonio plant, Mar<iuilIo 

K —Fragment, metaphase of first division, 42-chromosome plant, Marcpiis 

F —Fragmentation, anaphase of first division, 42-chromosonie plant, Marquillo 

G —Fragmentation, sama cell as F at different level, anaphase of first division, 42-chroni()somo 
plant, Marquillo 

H —Fragmentation, same plant as F and G, different cell, anaphase of first division, 42-(‘hroiiiosom(» 
plant, Marquillo 

I —Fragment and single chromosome which has undergone only reduct umal division, telophasoot 
first division, Marquillo 

) —Fragment and single chromosome which has undergone redact lonul ami equational division, 
same cell as I, invert for comparison, telophase of first <iivisum, Miirijuillo 

K —Fragment m both diads, same plant as I and f, different cell, motaphuse of second division, 
Marquillo 

L —Fragment, upper loft microsiioro, tetrad, 42-chromosome plant, Maiquis 
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Plate 3 



Stages in the iiieiotic divisions, microsporocytes, camera-lucida drawings (X 2,000) 


\ '-“Kvlriision of Jtaryotm, early leptotme stage, 4i-chroniosome plant, Marqmllo 
n "“-Predisjunction and nononentation, metaphase of first division, 42-chromosome plant, Marquillo 
C’ — Prodisjunctionand nononentation, metaphase of first division, 42-chromosome plant, Marqmllo 
D ""Nonconjunction, eight univalents, metaphase of first division, 42 chromosome plant, Marqmllo 
K —Predisjunetion, three bivalents, inetaphase of first division, 42-cbromosome plant, Marqmllo 
K —Trivalents, two univalents, metaphase o< first division, 41-ehromosome plant, Marqmllo 
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during tlie anaphase of the first division m some of the innuospor- 
ocytes No well-diflcrentiatod cases of late disjunction of a bivalent 
were found However, there were only a few inicrosporocytes in llie 
proper stage lor detecting this phenonienon, and as nononentation 
occurred m only 10 8 per cent of the Maniiiillo inicrospores and ui 
only 6 9 per ccuit ot those of Marquis, bivalents undergoing late 
disjunction on the equatorial plane would not necessarily be found 
even though they weie occurring That a differontation in tlie time 
of disjunction does occur is shown by Plate 3, E At the right of tlie 
achromatic figure of this pollen mother cell are shown two bivalents 
The chromosomes of one pair have pulled apart and are well started 
toward their respective poles, while the members of the other pair 
are still closely conjugated It does not seem that the condition 
noted in Plate 3, E, would give rise to lagging chromosomes and 
hence imcronuclei 

There also remains the possibility that these bivalents undeigo 
disjunction even though they are not on the equa tonal plane B and 
C of Plate 3, are camera-lucida drawings oflciing evidence in sujipoj t of 
this supposition The two chromosomes in the upper left hand corner 
of Plate 3, B, are believed to have been loosely paired homologous 
chromosomes which have separated early This conclusion is based 
on the fact that the two chromosomes closely resemble each other both 
in size and form and are in the same plane as regards then oiientation 
on the achromatic figure That this assumption is probably (‘orj*ect 
IS further confirmed by the fact that the phenomena described are 
characteristics of early divided pairs whose members aie on opjiosite 
sides of the main group of chi’omosomes as is shown m the same cell 
(pi 3,B) and in a diffeient microspore of the same plant (pi 3, E) 
In contrast to these chromosomes are the nonconjugated chromosomes 
of Plate 3, D, which show no relationship to each other as legaids 
their orientation m the achromatic figure Plate 3, C, is also a camera- 
lucida drawing showing two chromosomes which it is believed are 
homologous mates that have disjoined ofi* the equatorial plane Since 
the disj'oimng of these two chromosomes, the lower has moved toward 
the lower pole and attained a position on the edge of the main grouj). 
In this particular cell it seems logical to suppose that the two chromo- 
somes in question would reach their respective poles and be included 
m the reconstructed nuclei as they would have done had they lined 
up with the other bivalents Other cells show this same jihenomenon 
with the chiomosomes in vaiious positions If tins assumption that 
the members of bivalents can separate off the equatorial jilaiie is 
correct, pans should be found starting to show disjiin tion Pla t(' 1 , F, 

which is a photomicrograph of a nucrosporocyte of Maiquis, shows 
two chromosomes paired end to end which are apparently undergoing 
disjuntion, being^connected by only a small thread ol cdir'omatim 
Two widely sepaiated chiomosomes in the same plane and on the*, 
same side of the equatorial plane are shown in Plate 1, E This 
figure IS also a photomicrograph of a nucrosporocyte of Marquis. 
The nonoriented bivalent of Plate 1, C, offers furthci evidence. Tins 
chromosome has undergone complete transformation m form, as (*an 
be seen from an examination oi the photomicrograpli That its mem- 
beis are nndeigoing disjunction at the same tune as the bivalents on 
the equatoiial plane also seems piobable as the free <‘nds of tlie mem- 
bers are oriented toward opposite poles The evid<‘uce supjiorts the 
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siip])osition that the chromosome pairs at a certain period in trans- 
formation and development disjoin regardless of whether they are on 
the ocpiatorial plane It seems that the time at which this stage of 
develo|>iuent is reached may he con-elated with the strength of associa- 
tion between the coiijugants as exhibited by the type ot pairing For 
a. dismission of the types of conjugation, which is not within the scope 
of this paper, sec Aase {1) 

Whether the nonoricnted bivalents divide latei than the oriented 
bivalents is of equal impoxtance It is doubtful whether the non- 
onented bivalent shown in Plate 1, D, would disjoin as soon as the 
chromosome pans on the equatorial plane, as it does not appear to 
have completely undergone the transformation that occurs between 
the diakinesis and raetaphasc stages of the first division Although 
somewhat more regular in outline, it still is similar m form to some of 
the chromosomes in Plates 2, D, and 5, A Then, this chromosome 
pair has the appearance of being a lagger m both transformation and 
orientation If such is the true interpretation, this bivalent would 
not be expected to divide as soon as the chromosomes on the equatorial 
jilane Plate 1, G, may furnish some information on this problem. 
This photomicrograph ol the telophase of the fiist division shows one 
univalent which has not undergone the second division and two sepa- 
rated (‘hromosomes resulting from a univalent which has divided 
e<[uationally. As shown here, chromosomes resulting from an equa- 
tion al division can be distinguished easily from these originating from 
a disjunctional division Also, as is shown by the upper chromosome 
of Plate 1, G, the nonequationally divided cliromosomes of this stage 
clearly show the split foi the second division It will be noted also 
that all three chromosomes aie in the same plane, which strongly 
suggests that they leiiresent separated homologous chromosomes 
which have first undergone a reductional division and then the lower 
resultant chioinosome has undergone an equational division The 
disjunction of the bivalent must have occured later than that of those 
giving rise to the nuclei at the poles, otheiwise the nondivided chromo- 
some would be expected to have been included with the mam group at 
the pole. Also, it seems logical to assume that the bivalent giving rise 
t.o tlie lagging chromosome was not oriented on the equatorial plane 
at the tinu^ disjunction occurred, because if it had been both resultant 
(laughter chroinosomes would probably have exhibited the same 
behavior. On the other hand, if disjunction had taken placenearer the 
poh^ to whK‘h the undivided single is m pioximity, the othei member 
as i(, traveled toward the opposite pole may have been expected to 
uiKhu-go the equational division that has actually occurred. That this 
IS an ecjuatioual division and not a reductional division may be readily 
determined by a comparison between it and the nonoriented pair in 
Plate 1, 0 That the upper chromosome of the three in Plate 1, G, 
has not undergone the equational division may be determined by 
comparing it with the chromosomes at the poles m Plates 2, F, and 
4, A, and with the equationally divided lagging chromosomes in 
Plate 5, C, Comparatively speaking, the condition described can be 
found frequently in both Marquis and Marcpiillo Plate 2, I-J, are 
photomieiographs of the same microvsporocyte of Marquillo taken at 
dinVumt lexuds showing about the same condition as Plate 1, G. To 
Inive the orientation of the two photomicrographs comparable either 
one or the other should be inverted A chromosome which has not 
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Stages in the meiotic divisions, microsporocytes, camera-lucida drawings (X 2,000) 

A —Fragmentation, 42 chromosomes, same cell as Plate 2, F and (>, anaphase of fust division, 
Marquillo 

B —Fragmentation, 42 chromosomes, same cell as Plate 2, H, anaphase of firs! division, Marquillo 
C —20 bivalents, 1 single, drawn from side view, nietaphase of first division, Marciuillo 
D —21 chromosomes, end view, anaphase of first division, Marquillo 
E —19 bivalents, 1 tnvalent, drawn from side view, metaphase of first division, Maniuillo 
F— 20 bivalents, 1 univalent showing end constriction, end view, nietaphase of first division, 
Marquillo 
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Tho, ransie of non con] unction m Marquillo was from 0 to 13 0 per 
cent and m Marquis from 2 3 to 40 2 per cent The number of 
univalent chiornosonies per cell m those showing nonconiimction 
l anged from 1 to 8 in Marquillo and from 1 to 4 in ^^arqu3s The 
failure of homologous chromosomes to conjugate, for some unknown 
reason, would account foi those cases where the number of univalents 
was even If such were the correct explanation, 40 7 per cent of 
those cells of Marquillo showing nonconj unction would be accounted 
for and 1 9 9 per cent of those of Marquis The possibility that these 
univalents maybe due to very weak synapsis followed by disjunction 
of the homologous chromosomes before or during early metaphase 
must not be overlooked This will be discussed further in connection 
with plant culture 225-5 of Marquis which showed 40 2 per cent of 
nonconjunction 

Even though 40 7 per cent of the cases of nonconj unction in Mar- 
quillo and 19 9 per cent of those of Marquis can be accounted for by 
the above explanation, there still remains 59 3 per cent and 80 1 per 
cent of the cases to be explained It seems that the phenomenon of 
polyvalence may be responsible for a part of the nonconj'unction 
found Plate 1, K-L, shows photomicrographs of tnvalents, and it 
is believed that six chromosomes are involved in the conjugation 
shown m Plate 2, A It was impossible to determine exactly how 
many chromosomes were united in the polyvalence shown in Plate 
2, B It seems that three chromosomes are joined end to end in the 
microsjiorocyte illustrated in Plate 2, C The joined chromosomes 
extended over and beyond the equatoiial plane and curved back 
again, the lower part not being in focus Two other cases of tnvalents 
of the type illustrated in Plate 1, K, were clearly distinguishable in 
this cell and there were three univalents off the equatoria] plane 
These cases of tnvalents occurring in one cell and accompanied by 
univalents were found m a 42-chromosome plant All the other 
cases illustrated were found in 41 -chromosome plants The micro- 
sporocyte illustrated by a photomicrograph m Plate 1, K, is shown 
as a camera-lucida drawing in Plate 3, F There are two univalent 
chromosomes, as would be expected because of the trivalent associa- 
tion and because of the fact that this is a 41-chromosonie plant It 
should be added here that in the majority of the cells showing tri- 
valonce it was not possible to locate an accompanying single How- 
ever, this does not preclude the possibility of the single being present, 
as might have been obscured in the mam group of chromosomes, or 
it might have formed another polyvalent association The frequency 
of the occurrence of tnvalents and tetravalents for Marquillo and 
Marquis is given m Table 2 Only two cases of other polyvalent 
associations were found In Marquillo, on an average, 1 4 per cent 
of the cells examined showed polyvalence, and 84 4 per cent of the 
number showing this phenomenon exhibited tnvalents and the re- 
maining 15 6 per cent tetravalents In Marquis only 0 4 per cent 
of the pollen mother cells examined during metaphase revealed unions 
of more than two chromosomes It does not seem that the amount 
of polyvalence exhibited by either Marquillo or Marquis is sufficient 
to account for 59 3 and 80 1 per cent, respectively, of cases of non- 
(‘onj unction, which is the amount not accounted for by failure of 
homologous chromosomes to pair Then it seems that either some 
of the univalents, as such, arc hidden by the bivalents or else the 
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divided equationally is shown neai the up])er pole in Plate 2, 1, whoicas 
Plate 2, J, shows two chromosomes which have divided CMpiationally 
It seems highly probable that by dividing late nonoiiented bivalents 
may give rise to the condition noted in Plate 1,0, and finallv to mi(*ro- 
nuclei 

NONCONJUNCTION AND POLYVALENCE 

From the foregoing results it seems that nonorientation of bivalents 
can account for some of the micronuclei occurring in the young micro- 
spores of Marquillo and Marquis Other irregularities occur in the 
microsporogenesis of these two vaiieties and may be expected to have 
some influence on the prevalence of micronuclei Univalents were 
found to be present, during metaphase of the first division, in some 
of the pollen mother cells of 42-chromosome plants of both Marquis 
and Maiquillo Evidently, for some reason or other, chromosomes 
which are usually conjugated at this stage of meiosis were univalent. 
This condition is termed nonconjunction,” and is illustrated in 
Plate 3, D, which is a camera-lucida drawing of a microsporocyte 
of Maiquillo, culture 407-17-13 Frequently, cells having a sin- 
gle chiomosome also sho'wed three chiomosomes united rathei than 
the normal number of two (PL 1, K-L, pi 3, F ) In still other cells 
higher numbers were involved in a single union This phenomenon 
was termed polyvalence Nonconjugation and polyvalence are dis- 
cussed together because of the relationship that may exist between 
the two phenomena 

It is not difficult to distinguish between non conjunction (pi 3, D) 
and predisjunction (pi 3, E) when the predisjoined members are on 
opposite sides of the equator However, when they are both on the 
same side of the main grou'p of dividmg chromosomes they can be 
distinguished only by their oiientation with reference to the achro- 
matic figure, as is shown by a comparison of Plate 3, C and D, the 
former being considered a case of predisjunction With the possible 
exception of plant 225-5 of Marquis, the phenomenon of the predis- 
joinmg membeis being on the same side of the equatorial plane was 
infrequent as compared with the occurrence of nonconjun(‘tion 

T^ble 2 — Frequency^ iti percentage, of the ocean ence of nonconj miction and poly-- 

valence, and the nunibe? oJ univalents involved in mia ospoiocytes oJ Matqudlo 

and Maiquis 


Vai letv 


Marquillo. 

Marquis... 


Microspores fehowing— 


Cells showing the iiKliciitod mnnher ol singles uniong 
those exliibiling nonconjuiK tion 


Noncon- 

junction 

Polv v.ilence 

1 

i 

1 . 

1 

1 


5 

U 

t) 1±0 44 

1 1±0 27 

1 

50 0 I 

1 

3f. 3 

U 3 

1 5 

3 1 

1 3 

7 7d= 93 1 

4± 10 

7K 3 

IS S 

1 S 

1 1 

- 



Table 2 gives the average percentage frequency of the ot'tuirrence 
of nonconj ligation with the number of chromosomes involved and 
the average percentage frequency of polyvalence m tJu^ difIVrent (uil- 
tures of Maiquillo and Marquis* 

An average of 6 1 i 0.44 of the imcj-osponx'ytes of Marcpiillo showed 
nonconjugation and 7 7 d- 0 93 per cent of those of Manjuis. Tlie 
diflerence between the two varieties is not statistitudly significant. 
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polyvalent nature of some of the eonin^s^ants is obscured The small 
correlation coefficient between polyvalence and noncoujunction of 
+ 0 28 substantiates the conclusion that the amount of liolyvalcnce 
clisceinible does not account loi a large percentage of the cases of 
nonconiunction Accordino- to Fishei's {‘2) table f()i‘ small mimbers, 
this correlation is not statistically significant However, it should 
be noted that a high correlation could not be expected because it is 
not likely that all the cases of trivalents were disceimble and also 
because a relatively high proportion of the nonconj unction noted 
probably was due to failure of homologous chromosomes to undergo 
synapsis 

" Plant culture 225-5 of Marquis is of special interest because it 
exhibited nonconjunction in 40 2 pei cent of the micios])oro(‘ytes 
examined E and F of Plate 1 are photomicrographs of pollen 
mother cells of culture 225-5 Plate 1, F, shows very weak conjiiga- 
tion between the bivalents not on the equatorial plane Plate 1 , E, 
shows a still greater separation between two single chiomosomes 
that may have been paired Of the 179 pollen mother cells examined 
in this plant 35 revealed one single chromosome, 31 two singles, 3 
three singles, and 3 four singles It seems as though m this particular 
plant two homologous chromosomes must have lost, their affinity for 
each other, or perhaps that statement should be modified by saying 
the greater part of their affinity, as weak conjugation was noted in a 
number of cases The occurrence of a high percentage of the nncio- 
sporoc^^tes of this plant showing nonconj unction might be expect.ed 
to be reflected m a high percentage of the microspores showing 
micronuclei Out of 552 immature pollen grains of other sjnkelets 
of the same plant examined, only 1 1 per cent showed micronuclei 
as compared to an average of 0 8 per cent for the 27 Marquis plants 
studied Three hundred well-stained immature pollen grains from 
the same spikelet were studied and micronuclei were found in only 
1 2 per cent of them These results indicate that either the high 
percentage of nonconjunction noted is not common to all the mi(‘ro- 
sporocytes of plant 225-5 or else the univalent chromosomes are 
reaching the poles during meiosis and being included in the macro- 
nuclei of the microspores The former hypothesis seems tlu' most 
plausible, as is shown in a report on <‘uUure 223, m a later sc^ction of 
this paper 

PRE DISJUNCTION 

Onl 3 ^ those cases in which both cliiomosonies were on o])])osite 
sides of the equatorial plane (pi 3, B and E) were iruhided in iJu^ 
deteimmations of the percentage of piodisjunction Tlie inicro- 
sporocytes of Marquillo showed 6 3 ± 0 69 per cent of tins phenonuMion 
and those of Marquis 2 8 + 0 31 pci cent The (lifference between 
the two varieties is statisticall.y significant, as can be seen fiom an 
examination of the probable errors The range in Mar(|uiiIo was 
from 0 to IS 5 per cent and in Maiquis Irom 0 to 7 1) p(U (‘cut. 1die 
number of bivalents involved in predisjunction ranged from 1 to 3 
in both Marquillo and Marquis It is difficult to determim* tlu^ 
significance of predisjunction, but it seems doubtful whether this 
condition gives rise to mieronuclei, as the eluoinosomes arriving at 
the poles early probably would be joined later by tlu* nnnn group. 
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FRAGMENTATION 

TjTcgularities other than those involving entire chrornosomes were 
noted dining micros}) orogenesis of Marqmllo and Marquis Plant 
407"~15~17, a 4 1 -chromosome plant, showed during metaphase, in 
addition to the univalent chromosome, a small lagging fragment It 
was possible to find the flagmen t of a chiomosome not lined up on the 
equatorial })lane in 70 2 per cent of the microsporocytes in the meta- 
phase stage of the first division (PI 5, B ) The fragment was not 
distinguishable m the remaining 29 8 per cent of the cells It may 
have become obscured by having formed unions with other chromo- 
somes or by having lined up on the equatorial plane Plate 4, F, is 
an end view of the metaphase showing 20 pairs and 1 single, and offers 
some evidence for the hypothesis that the fragment may form 
unions with other chromosomes The single chromosome appears 
constricted at one end, and as the fragment was not visible in this 
microsporocyte it seems plausible that the constriction might maik 
the point at which the fragment had become attached A clearer 
case of an end constriction is shown m Plate 2, C, which is a photo- 
micrograph of linother plant of Marqmllo 

Good preparations of microsporocytes of plant 407-15-17 in other 
stages of development were available also The fragment was dis- 
cernible m 83 9 per cent of the 93 cells examined m the diakinesis 
stage. It was usually located near the periphery of the nuclear 
cavity, as is shown in the upper portion of Plates 2, D, and 5, A, which 
are a photomicrograph and a camera-lucida drawing of the same cell. 
The presence of the fragment m the diakinesis and metaphase stages 
raises the question as to whethei or not it can be found in the young 
microspores. Thirty-one and three-tenths per cent of the 198 micro- 
spores examined in the tetrad stage showed a small clump of 
chromatin (PI 5, D-F ) In some instances (pi 5, F) the small 
clump was accompanied by a larger micronucleus and in others by 
the macronucleus only The distinction between the micronuclei 
and the small clmnps of chromatin was made on the basis of size 
Evidence that the two could be differentiated is obtamed by compar- 
ing the percentage of microspores of other 41-chromosome plants 
showing micronuclei with that of plant 407-15-17 The percentage 
of microspores showing micronuclei in plant 407-15-17 wras 30 3, and 
the average for six 41-chromosome plants was 23 4 The percentage 
for plant 407-15-17 is already somewhat higher than expected on 
the basis of othei 41-chromosome plants and would be still higher if 
the percentage of microspores showing small clumps of chromatin in 
the cytoplasm wore added to it This, then, is further proof that the 
fragmented piece of chromosome seen in the diakmesis and meta- 
phase stages IS responsible for the small clumps of chi'omatm found 
in the microspore 

Second divisions w^ere not available in plant 407-15-17, but plant 
407-7-5 showed fragments in the second division (PL 2, K ) 
Seventy-five microsporocytes in the metaphase of the second division 
were studied: 60 showed 1 fragment in each member of the diad, 6 
showed 2 fragments in one member and none in the other, and 
1 showed 2 fragments in each member In the one case having 2 
fragments in each member of the diad, the apiiearance m both is 
as if 1 may have divided to form 2 The position of the fragments 
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Stages of meiotic diMsion, microsporocyles, cameru-lucida drawings (X 2,000) 

A —Fragment^ above nucleolus, same cell as Plate 2, B, diakmesis of first division, 4l-cluomos<)mo 
plant, Marquillo 

B. Univ-alent and fragment same plant as metaphasc of first division, 4l-chroniosoine plant 
Marquillo * 

C —Lagging univalents, same plant as A and B, late anaphase of second division, 41 -chromosome 
plant, Marquillo 

T> —Lagging chromosome (a) and fragment (6), same plant as A, B, and C, telophase of second divi- 
Sion, 41-chromosorae plant, Marquillo 

E.—Fragmentation, fragment, and microuuclous, same plant as A, B, C , and 1), telophase of second 
division, 41.chromosome plant, Marquillo 

F — Fragmen^ a^d J;wo nucronuclei, same plant as A, B, C, D, and K, tetrad, 4J-ehroni<)S(mie 
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tion, together with its high frequency in the second division, indicates 
that in these plants the abnormality must have arisen in the somatic 
tissue or in the sexual cells of the preceding generation If the latter 
supposition IS correct, the behavior of the fragment may be likened 
to that of a univalent chromosome 

PROGENY OP SELECTED PLANTS 

Progeny of three of the plants of Marquillo studied cytologically 
were grown m 1930 for the purpose of conducting further investiga- 
tions Culture 407-17-13 was grown because of the comparatively 
high percentage of the different aberrations found to occur during 
microsporogenesis Three and five-tenths per cent of the micro- 
spores possessed micronuclei, 14 4 per cent of the microspores exhib- 
ited nonorientation, 18 8 per cent noncon] unction, and 16 0 per cent 
predisjunction These are considerably above the averages for Mar- 
quillo, which were 2 8, 10 8, 16 1, and 6 3, respectively In addition, 
the number of univalent chromosomes in the pollen mother cells 
showing nonconjunction varied from 1 to 8, the greatest range in 
any plant studied The percentage of microsporocytes revealing 
polyvalence, was only 1 per cent above the average for Marquillo 
Plate 3, B-E, shows camera-lucida drawings of aberrations found in 
the microspoies of this plant The progeny of culture 407-12-24 
were included for further studies because, in general, its microsporo- 
cytes exhibited fewer aberrations than the average for all the plants 
of Marquillo The regularity of the alinement of its chromosomes on 
the equatorial plane during metaphase of the fix'st division is shown 
in Plate 1, B Of the microspores examined, 2 6 per cent revealed 
micronuclei, and of the microsporocytes examined, 6 0 per cent showed 
nononentation, 6 7 per cent nonconjunction, 4 4 per cent predis- 
j unction, and 0 per cent polyvalence Culture 407-12-3 of Marquillo 
was included because of its bemg a 41-chromosome plant 

The number of chromosomes in the 10 progeny of culture 407-17-13 
was determined on the basis of the percentage of microspores showing 
micronuclei, with the exception of plants 223-10 and 223-4 the num- 
ber of whose chromosomes was determined by counts made m the 
anaphase of the first division That this is an accurate method of 
determining whether univalent chromosomes are present is shown 
by an examination of Table 3 As this table shows, the percentage 
of microspores of 41 -chromosome plants exhibiting micronuclei varied 
only from 22.0 to 25 3 per cent As all the plants of Marquillo 
studied had either the normal number of chromosomes, 21 pairs, 
or 20 pairs and 1 single, or 19 pairs and 2 singles, it seems safe to 
conclude that all the progeny of culture 407-17-13, with the excep- 
tion of 223-10, had the normal number. 

125056—32 2 
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vaiied, being sometimes close to the eqiiatonal plane and at other 
times some distance from it A few telophases ol the first division 
were available Plate 2, I-J, shows photomicrographs of the same 
cell taken at different levels, and in oidei for the i)oles to coi respond 
either the one oi the other should be inverted Both of the fragments 
were present and weie in proximity to each other, appeal ing* as though 
the two fragments had arisen from a division of one Meta])hases 
of the first division and microspores were not available 

It would be interesting to know the period or periods in the life 
cycle of the plant at which these fragments arise It is not possible 
to say definitely at what stage fragmentation took ])lace in the Mar- 
quillo cultures 407-15-17 and 407-7-5, but that fragmentation can 
take place during the anaphase of the first division is shown by Plate 
2, F-H The photomicrographs in Plate 2, F and G, are of the same 
microsporocyte taken at different levels At the upper right side 
of the former is a chromosome, one of the chiomatids of which reveals 
the beginning of a break A chromosome in the lowei right end of 
Plate 2, G, shows the same phenomenon in a more advanced condi- 
tion, and Plate 2, H, repiesents a still more advanced stage with the 
fragmented piece at the eqiiatonal plane The chromatid involved 
seems to be breaking at approximately the centej, as is shown by 
Plate 2, F Cameia-lucida drawings of the two microspores involved 
(pi 4, A and B) show the chromosome number of this ])lan t (407-7-1 3) 
to be 42 These two cells wore the only two microsporocytes of this 
plant exhibiting fragmentation Also, 125 pollen mothei cells in the 
metaphase stage of the first division were examined without evidence 
of fragmentation being found, proving that it occurred as noted for 
the first time during anaphase of the first divisions 

That fragmentation also occurs in Marquis is shown by Plate 2, E 
and L, the former being the metaphase of the fiist division and the 
latter the tetrad stage, showing a fragment m the cytoplasm of the 
upper left-hand microspore 

No definite attempt was made to determine the frequency of frag- 
ments in Marquillo and Marquis, but any fragmentation noted while 
the microsporocytes of these varieties were being studied for other 
abnormalities wms recorded Twelve of the 32 plants of Marcpiillo 
examined and S of the 27 plants of Marquis were recorded as showing 
some degree of fragmentation From these figures it would seem 
that fragmentation is fairly common m both Marcimllo and Manpiis, 
but such a conclusion would be erroneous, as only one instamx' of 
fragmentation in any of the stages of a ])articular plant sIihIumI 
would have been recoided as the occurrence of fragmentation ''Fhat 
fragments could have been found in a relatively large pioportion 
of the plants and still be of infrequent occurrence is emjiha/used by 
the fact that the total number of cells studied, including both mi(T()- 
sporocytes and microspores, would aveiagc somewhat over (iOO per 
plant 

Fragmentation has been shown to take place during the anaphase 
of the first division This could not directly explain the occurrence 
of fragments in the diakinesis and metaphase stages of the fiist 
division of plant 407-15-17, nor could it be e\pe<'ted to explain the 
large proportion of the microsporocytes of ])lant 407-7 5, which 
showed this phenomenon during the motaphase of the se(‘ond divisiom 
The fact that the diakincsis and motaphase stages show fragmenta- 
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Counts of plant 223-10, made from the anaphase of the first divi- 
sion, showed without exception that this plant had 41 chromosomes 
This finding is further substantiated by an examination of micro- 
sporocytes in the metaphase of the first division and others in the 
tetrad stage Of 119 microsporocytes in the metaphase of the first 
division 108 showed a univalent chromosome, 4 three univalents, and 
7 no univalents In 2 of the 7 microsporocytes not showing any single 
chromosomes two cases of trivalents such as noted in Plate 4, E, were 
clearly visible These results show the chromosome behavior during 
the metaphase of the first meiotic division to be characteristic of the 
41 -chromosome plants already described and those to be discussed 
later Twenty-one and seven-tenths per cent of the microspores in 
the tetrad stage exhibited micronuclei, which amount is very close to 
the 23 4 per cent exhibited by the 41-chromosome progeny of a 41- 
chromosome plant, culture 407-12-3 These results are important 
in showing that a 41 -chromosome plant may arise from one having 
42 chromosomes From the foregoing discussion on chromosomal 
aberrations it is easy to visualize how such a 41-chromosome plant 
could originate If a normal 21-chromosome male gamete fertilized a 
female gamete having only 20 chromosomes, owing to nonorientation 
or some of the other previously reported aberrations, a 41 -chromosome 
zygote would result As the spikes of this plant were not covered 
the previous year there still remains the possibility that the 41- 
chromosome plant might have resulted from pollination of a normal 
flower with stray pollen from another 41-chromosome plant It can 
be shown from data given on 41-chromosome plants that the chances 
of the 41-chromosome plant being the result of chromosomal aberra- 
tions are fifty times greater than that of its being due to cross- 
pollination 

Another interesting abnormality was found in one of the progeny of 
culture 407-17-13 While making counts of the young microspores of 
plant 223-4 to determine the percentage that possessed micronuclei, 
it was noticed that the upper pollen sac of plant 223-4 was averagmg 
strikingly higher in percentage of microspores showing one or more 
micronuclei than was the lower pollen sac of the same anther It will 
be remembered that all spikelets were cut longitudinally and therefore 
would be expected to show a considerable number of microspores in 
each section. Counts were made in the four sections showing the two 
pollen sacs, the results obtained are recorded m Table 4, 


Table 4 — Va77aUons between di;fferent pollen sacs of the same anther^ in the pei~ 
ceniage of miciospores showing micronucl&i, plant of MarquillOj culture No 22S-4 


Section No » 

Miciospoies m upper pollen sac 

Microspoiesinlowei pollen sac 

Total 

Showing micronuclei | 

i 

Total 

Showingmicio- 

nuelei 

1 



Number 

Per cent 


Number 

Per cent 

1 


11 

19 6 

42 

0 

0 

2 

68 

22 

32 4 

54 

1 

1 9 

3 

98 

17 

17 3 

65 

3 

4 6 

4 - 

75 

15 

20 0 

41 

0 

0 

Total- - _ „ 

297 

65 


202 

4 


\.\erage., 



22 3±2 02 

1 



1 6±0 64 



1 

! 1 




«On slide No 51. 
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8G.4 per cent of the 1,047 microsporocytes examined showed 1 univa- 
lent chromosome Also, 42 4 per cent of the microspores of plant 
222-1 possessed micionuclei, as compared with 23 4 ±0 24 per cent 
for the 41-chromosome plants. These results support the counts 
showing plant 222-1 to have 40 somatic chromosomes, composed of 
19 bivalents and 2 univalents Table 3 shows that the data taken 
individually on the six remaining plants do not vary greatly, which is 
strong evidence supporting the counts that show "these plants to be 
composed of 20 bivalent chromosomes plus 1 univalent 

These results are not those to be expected on the basis of random 
distribution of the single chromosome during meiosis of the micro- 
sporocytes and the megasporocytes. If the single chromosomes went 
at random to the poles during the fiist division, 50 per cent of the 
gametes would be expected to contain 21 chromosomes and the 
remaining 50 per cent would be expected to have 20 chromosomes 
Kandom mating and survival of all the progeny would give a ratio of 
one 42-chromosome plant; two 41-chromosome plants; one 40- 
chromosome plant Instead of this ratio six 41-chromosome plants 
and one 40-chromosome plant weie obtained The constitution of 
the 40-chromosome plants, according to theory, should be 20 bivalents 
and no univalents The 40-chromosome plant was composed of 19 
bivalents plus 2 singles, which makes it appear as though it should be 
classified among those having 41 chromosomes The loss of a chromo- 
some through nonorientation or some of the other aberrations noted 
in 42-chromosome plants would account for this condition of 19 
pairs and 2 singles 

The behavior of the single chromosome durmg meiosis is important 
as its determination would furnish mformation as to the manner in 
which the dift'erent aberrations noted durmg metaphase of the first 
division of 42-chromosome plants give rise to micronuclei in the 
microspores An attempt was made to follow the single chromosome 
through the various stages of meiosis It was possible to distinguish 
the single chromosome in 86 4 per cent of the metaphases of the first 
division Counts weie made of the number of chromosomes at the 
poles m 27 microsporocytes in the anaphase of the first division In 
17 of these the single chromosome had gone to the poles without 
dividing or lagging, as was evidenced by there being 20 chromosomes 
at one pole and 21 at the other In the other 10 cells the univalent 
chromosome was found lagging and dividing. Therefore, in 63 per 
cent of tlie (‘.oils the single chromosome was not lost, whereas in 37 
per cent it was lost On this basis IS 5 per cent of the microspores 
would be expected to show a micronucleus and the expected ratio of 
20:21 chromosome gametes would be 69:31 The studies of the 
second divjsion were made on the microsporocytes having both mem- 
bers of the diad present, and the percentage of microsporocytes show- 
ing the lagging chromosome was determined on the basis of both 
showing it In the metaphase of the second division only 1 out of 
the 18 microsporocytes examined exhibited lagging chromosomes m 
both metaphases and none exhibited a laggmg chromosome in only 
one member of the diad On this basis only 2 7 per cent of the micro- 
spores would be expected to possess micronuclei. The results 
obtained can be explained by assummg that the already equationally 
divided chromosomes aie mcluded on the equatorial plane with the 
others This agrees with the conclusions ot Watkins {18) that the 
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In the upper pollen sac 22 3 ±2 02 per cent of the 21)7 niicrospores 
counted revealed micronuclei, whereas only 1 6 per cent of the micro- 
spores counted in the lower pollen sac exhibited this condition The 
percentage of microspores showing micronuclei is very close to the 
average of 23 4 i 0 24 shown by 41 -chromosome plants This strongly 
suggests that the microsporocytes giving rise to the microspores must 
have possessed one unpaired chromosome, probably 20 bivalents plus 1 
univalent Since the lower pollen sac did not show this high per- 
centage of abnormalities, the mutation giving lise to the univalent 
chromosome must have occurred some time during the development 
of the young anther, after the tissue giving rise to the pollen sacs had 
become differentiated, perhaps m the first archesporial cell There 
were only 16 microsporocytes m the metaphase available, and only 1 
showed a single chromosome There were a number of microsporo- 
cytes in the diad stage, but lagging chromosomes were not any more 
frequent that m 42-chromosome plants of Marqmllo These results 
indicate that the high percentage of abnormalities is limited to the 
upper pollen sac of this one anther 

The average percentage of abnormalities in the microsporocytes of 
the progeny of culture 407-17-13 was 4 7 ± 1 44 The range in var- 
iability was from 0 5 per cent in plant 223-1 2 to 21 7 per cent in plant 
223-10 and the coefficient of variability was 143 0. 

The progeny of culture 407-12-24 was grown because in general tins 
plant exhibited a lower percentage of the diflerent aberrations than the 
average of the Marquillo plants studied As determined by the per- 
centage of microspores showing micronuclei, all of the 16 progeny 
studied possessed the normal number of chromosomes It will be 
remembered that culture 407-12-24 exhibited micronuclei m 2 6 per 
cent of the microspores The average percentage of the microspores 
of the progeny exhibiting micronuclei was 2±0 13, and the range of 
variability was from 1 1 per cent to 3 4 per cent The coefficient of 
variability was 39 7 These data show that the average percentage 
of micronuclei was only 0 6 of one per cent below that of the parent 
grown the previous year Also, it is of interest to compare tlio iirog- 
eny of culture 407-17-13 and 407-12-24 The difiference of 2.7 ])er 
cent between the peicentage of microspores showing micronuclei is 
not significant because of the high probable error of culture 407- 17-13. 
The range of variabilitv m progeny of culture 407-17™! 3 is 18 9 t)er 
cent higher than that foi the piogeny of cultuie 407-12- 24 Tliese 
data are based upon an examination of 5,610 microspores of tlie 10 
407 ^ 19 ^ 24 ^ culture 407-17-13 and 9,298 of the. 1(5 progeny of culture 

Of the seven progeny of culture 407-12-3 studied, it was ])()ssil)le 
to obtain counts from the anaphase of the first division in all plants 
except 222-7 In this plant counts were made only from the meta- 

1 division A summary of the data obtained is mvcu 

m i able 3 

All plants were found to have 41 chromosomes, except 222-1 
wJiich possessed only 40, ronsistmg of 19 pairs and 2 singles. Of tlie 
120 microsporocytes of plant 222-1 examined, 102 showed two singles 
not on the equatorial plane, 5 one single, 5 three singles, and (S four 
singles These fimiies show that 85 per cent of the microsporocytes 
had 2 univalent chromosomes, which compares viuy favorably with 
the data obtained for the six 41-chromosomo plants. In theso'plants 
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Generally it has been assumed by the various investigators that the 
reason for not being able to discern the univalent chromosome or 
chromosomes in all microsporocytes showing the metaphase of the 
first division is because of the other chromosomes obscuring it The 
close agreement between the expected percentage of microspores 
showing micronuclei based on a study of the metaphase of the first 
division (Table 5) and that based on the anaphase or early telophase 
of the second division with the percentage actua,lly found by counts 
made of the tetrad stage indicates that the univalent chromosome 
may not have been present in those cells in which it was not dis- 
cernible The extrusions of karyotm, previously described, would 
furnish the mechanism whereby it could have been eliminated during 
the early stages of sporogenesis 

The agronomic characters of the progeny of these cultures are 
reported m Tables 6 and 7. 

Table 6 shows that Marquis surpassed culture 407-12-24 in number 
of spikes, percentage of fruitfulness, and height in inches, but was 
inferior m weight of seeds, percentage emerged based on number of 
seeds planted, and percentage matured based on the number of seeds 
planted Marquis and culture 407-12-24 did not difter significantly 
in respect to their coefficients of variability However, culture 407- 
12-24 had a higher coefficient of variability than Marquis as regards 
number of spikes and percentage of fruitfulness, but the reverse was 
true for weight of seed in grams and height in inches Culture 407- 
17-13 without exception averaged higher in all six characters studied 
and in general showed a lower coefficient of variability On the other 
hand, culture 407-12-3 averaged lower^ m all characters than any 
other culture studied with one exception. Marquis was lower m 
percentage of plants to eineige based on number planted It will be 
remembered that cultuie 407-12-3 was a 41 -chromosome plant 
culture 407-17-13 showed a high percentage of abnormalities durmg 
microsporogenesis, culture 407-12-24 exhibited a low percentage of 
abnormalities during microsporogenesis, and Marquis was planted 
foi purposes of comparison. The progeny of the 41-chromosome 
plant possessed a higher coefficient of variability for every character 
studied. (Table 7 ) 


Table 6 — Average values of siatishcal measures of the chaiacters oj selected lines of 
MarquiUo and Marquis jtom measuiements made on individual plants 


Variety or culture No. 

Individ- 

uals 

Height 

Spikes 

Fruitful- 

ness 

Weight of 
seed 

Emer- 
gence 
based on 
number 
of seeds 
planted 

Matura- 

tion 

based on 
number 
of seeds 
planted 


Number 

Inches 

Number 

Per cent 

Grams 

Per cent 

Per cent 

Marqxus 

24 

37 lifcO. 39 

17 ld=l 01 

87 4=fcl 64 

4 8±0 43 

86 7 

83 3 

407-12-24 

23 

29 2± 17 

13 4=fc: 87 

83 5±1 93 

5 7d: 48 

92 0 

84 0 

407-17-13 

15 i 

34 4d= 28 

20 l=tl 02 

88 3d=2 24 

9 4=b 74 

100 0 

93 8 

407-12-3 

7 

25 6=t: 82 

10 7±1 33 

62 5±5 25 

1 9=h . 33 

88 9 

80 0 
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sins^le chromosomes dividing in the first division are regained in the 
second Of the 51 pollen mother cells studied in the anaphase or 
early telophase of the second division, 22 exhibited lagging chromo- 
somes m both members On this basis 21 6 pet cent of the micro- 
spores in the tetrad stage would be expected to show a microiniclcus 
and the expected ratio of 20 :21 chromosome gametes would bo 72.28 
A study was made on 3,198 microspores, 750 or 23 4 pei cent of which 
showed a micronucleus On this basis the expected ratio of 20.21 
chromosome gametes would be 74*26 These data are summarized 
m Table 5 


Table 5 — Percentage of microsporocytes showing the univalent cht omosome lagging 
ot of the equatorial plane dunng miciosporogenesis oj 41 -chromosome plants 



1 

Mierosporocytes 

Expected 

percent- 

Expected 

stage of microsporogenesis 

Total 

Showing univalents 

age of 
micio- 
spores 
showing 
micio- 
nucloi 

ratio ol 
20 21 
chiomo- 
some 
gametes 

Xletaphase of first division 

1,047 

Number 

905 

Per cent 
&() 4 

21 8 

72 28 

Anaphase of first division 

27 

10 

37 0 

18 5 

1.9 31 

Metaphase of second division 

18 

1 

5 6 

2 7 

53 47 

Anaphase or early telophase of second division 

51 

22 

43 1 

21 0 

72 28 

Tetrad “ 

800 

375 

47 0 

2*1 5 

74 2{) 

Back cross 




23 0 

73 27 


“ Counts made from examination of young microspores and conveited to miciospoioc\<e basis 
Ratio of 20 21 chromosome gametes m megaspores as determined by back crossing to a 42*cliroinohoino 
plant was 73.27 (Nishiyama I 4 ) 


Nishiyama (IJf.) made a study of the ratio of 20:21 chiomosome 
gametes by back crossing a 41-chromosome plant obtained from a 
cross of Tnticum 'polomcumXspelta with spelta^ and found that the 
ratio of 20:21 chromosome gametes was 73:27 He concluded from 
exammation of Eihara^s (11) and Watkins^ (17) results that loss of 
chromosomes occurs with about the same frequency in mitu-ospoi'c 
formation as in magaspore formation If this assuirqition is c()rre<‘t, 
the results reported here are in very close agreement with those 
obtamed by the back-cross method 
The data on the behavior of the univalent chromosome of 41- 
chromosome plants can be satisfactoiily ox])]ained by tJie following 
hypothesis The chances of the univalent chromosome undergoing 
the equational division in the first division are sbglitly Jess than those 
of its passmg to the poles without dividing In the latter case the 
univalent chromosome behaves normally and micromiclci are not 
formed in the microspores In those cases in which the univalent 
chromosomes divide equationally in the first division the resulting 
daughter chromosomes are distributed to opposite diads and both are 
included m the achromatic figures but are not discernible However, 
another division does not occur but instead these chromosomes lag 
and eventually round up to form the micronuclei found in 23.4 per 
cent of the microspores of 41 -chromosome plants It should be noted 
here that the percentage of microspores showing microniudei due to 
the imivalent chromosome, is probably m reality somewhat lower than 
that reported because of other chromosomal aberrations prodiKung 
the same phenomenon 
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aberrations, nonoriontation of bivalents, noncoii] unction, and predis- 
junction played in causing the occurrence of the micronuclei found m 
microsporcs m the tetrad stage 


Table 8 — CoclJlcientfi of con elation between pei cent age fr equenctefi of diffeient abet 
7ations Jound ocean mg dnnng 7mcf ospoi ogenesis of MaiqutUo and Marquis ^ 


Si mple 


rl2+0 70 
rl3-t- 32 
rl4-j- 21 
r23+ 12 
r24- 05 
m+ 58 
Hi 214 75 


Miiiquillo 


Marquis 



Partial 

N 

Simple 

Partial 

N 


rl2 34+0 72 

30 

rl2+0 70 

rl2 34+0 70 

27 


rl3 24+ 17 

25 

rl3+ 17 

rl3 42+ 15 

26 


rl4 32+ 20 

27 

rl4- 14 

rl4 32+ 10 

25 


r23 14+ 01 

25 

7-23+ 12 

r23 14- 24 

26 


r24 13~ 24 

27 

r24- 25 

r24 13- 23 

25 


r34 12+ 54 

24 

r34- 31 

71 

r34 12- 30 

25 







“ Key to numbers i= micronuclei, 2 =nononentation, i=noneoiij unction, predisjunction Levels of 
significance Vccorcling to Fisher’s (J) tables foi the \alues of the correlation coefficient for difierent levels 
of significance an N of 20 and r of 0 42 gives a P value of 0 05 


The only significant simple and partial correlations obtained in 
both Marquis and Marquillo weie those between nonoiientation of 
bivalents and micronuclei, the simple correlation being + 0 70 in both 
Marquillo and Marquis, and the partial correlations being +0 72 and 
+ 0 70, respectively. Both the simple and partial correlations be- 
tween nonconj unction and micronuclei m Marquillo and Marquis 
were positive but not statistically significant, being + 0 32 and + 0 17, 
respectively, for Marquillo and +0 17 and +0 15 for Marqms The 
simple coirelations between nononentation and nonconjunction in 
both Marquillo and Marquis were +0 12 and the partial correlations 
were +0 01 and —0 24, respectively. None of these values are 
statistically significant 

These results indicate that nononentation and nonconj' unction are 
independent of each other, and such a conclusion is what would be 
expected from the cytologic studies. Such is not true, however, of 
the association between nonconjunction and micionuclei, as there 
seems to be no cytological basis for assuming that at least a part of 
the univalents found during metaphase ol the first division should 
not give use to nncroniicloi in the tetrads. Especially is this true 
since the univalent chromosome of 41 -chromosome plants has been 
found to do so Then the ^uestaon arises whether the correlations 
found measure the true relationship existing between nonconjunction 
and micronuclei even though they are not statistically significant. 
The fact that all the correlations between these two aberrations in 
both Marquillo and Marquis aie positive indicates that they are 
probably more important than the level of significance set up indi- 
cates Therefore, considering both the cytologic studies and the 
coefficients of correlation it seems that the phenomenon of noncon- 
junction gives rise to micronuclei 

In the studies with Marqmllo a smiple correlation of + 0 21 and 
a partial coiTelation of + 0 20 were obtained between micronuclei 
and predisjunction The corresponding correlations in Marquis were 
“0 14 and +0 10 The simple and partial correlations between 
nonconjunction and predisjunction were +0 58 and +0.54, respec- 
tively, in Marquillo and — 0.31 and — 0 30 m Marquis The correla- 
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T\ble 7 — Coeficients oj vanahiMy of characiets of the pioqetiy of .selected linen oj 
Maiqmllo and Maiquis fioni measurements made on individual plants 


Variety or cultuie No 

ln(li\ id- 
uals 

Height 

SpilvOS 

Fi ml fulness 

i V\ eight ()1 
seed 


Nu mher 

Inches 

Nil rnber 

Pei cent 

(tin ms 

Mqrqms _ __ _ 

24 

7 7±0 75 

42 7± 4 Sft 

J3 7d=l if) 

05 8rt 8 75 

407-12-24 - 

23 

4 1± 41 

40 Ort: 5 4(» 

10 4±1 (17 

59 bzh 7 75 

407-17-13 - - 

15 

4 b± 57 

29 l=fc 3 87 

11 5±1 82 

45 3=h 0 ()2 

407-12-3 - 

7 

12 5=b2 29 

48 y±10 72 

33 0±0 50 

OH 9d:J7 31 
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CORRELATIONS BETWEEN CYTOLOGIC ABERRATIONS 

It seemed important to determine the relationships of the differont 
aberrations to each other and if possible the influence that they 
may exert upon the characters of the plant Since it was impossible 
to distinguish qualitative differences, these characters have been 
omitted from the discussion All measurements of quantitative char- 
acters were made on individual plants and expressed on the plant 
basis It IS important to keep in mind that the correlations between 
abnormalities and plant characters calculated for Marquillo, with the 
exception of one correlation on fruitfulness, are not comparable with 
those of Marquis, the reason for this being that the characters corre- 
lated with aberrations in Marquillo are of the progeny of tlic plants 
studied cytologic ally, whereas those of Marquis are the chara(‘teis of 
the plants studied cytologically This would make the two sets of 
data differ in two essential points (1) The microsporocytes studied 
give rise to the plants with whose characters their abnormalities are 
correlated and (2) the measurements are based on the average of 
many plants m Marquillo In the case of Marquis the abnormal- 
ities of the microsporocytes are correlated with the characters of the 
plants producing them and of necessity the measurements are based 
on only one plant However, the correlations between the dilferent 
abnormalities found in Marquillo and the same correlations for IMar- 
quis are comparable 

For determining the statistical sigmffcance of coefficicuils of corre- 
lation, Fisher^s (^) table giving values of the correlaiion <*oefIi(‘i(‘nt 
for different levels of sigmffcance was used. (\)efrK*ients of correla- 
tion giving a P value of 0 05 were considered as being statistically 
significant If is 20 a correlation of 0.42 would lie lUH^i^ssary to 
give a P value as low as 0 05 Fisher’s tables have beiui usecl becausi^ 
the coefficients of con elation reported m this work based upon 
small numbers It is usual to measure the significance of the corre- 
lation T by employing the probable error obtained by the formula 

Er^O 6745 — p — With small samples the value of r is often very 

different from the true value and consequently is in error, and 
also the distribution of r for iiigh correlations' in small samples is far 
from normal, so that tests of significance based on the Er determined 
from this formula may be misleading. For practical purposes by the 
use of Fisher’s table these two errors are avoided 
Table 8 gives the simple and partial correlations obtained between 
percentage frequency of different aberrations occurring during micun- 
sporogenesis of Marquillo and Marquis Those correlations were 
calculated in an endeavor to determine the part that mch of tlie 
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Progeny of Marqiiillo plants studied cytologically in 1929 were grown 
in 1930, and statistical measures were taken of percentage of plants 
emerged based upon number of seeds planted, percentage of plants 
matured based upon number of seeds planted, number of spikes per 
plant, weight of seed per plant, height of individual plants, and 
fruitfulness of outside llorets of noncovered spikes. Coefficients of 
variability were calculated for these last four characters and then 
correlated with the percentage frequency of the different cytologic 
aberrations found in the parents grown in 1929. 

The results of the studies on the coejB&cients of correlation between 
percentage frequencies of different aberrations found occurring dur- 
ing microsporogenesis of Marquillo and coefficients of variabihty of 
characters of the progeny are given m Table 10. Neither micronu- 
clei, nonorientation, nor nonconjunction showed significant simple or 
liartial correlations with the coefficient of variability of number of 
spikes per plant Micronuclei with the coefficient of variability of 
weight of seed per plant gave a coefficient of correlation of +0 51, 
with nonconjunction a correlation of +0 45, and with nonorienta- 
tion a correlation of +0 33 The first two are higher than +0 42, 
which is taken as the level of significance, and the latter lacks only 
+ 0 09 of being significant Micronuclei and nonorientation gave 
significant correlations with both the coefficient of variability of height 
of plant and fruitfulness, being +0 47 and +0 53, respectively, 
in the former correlation and +0 61 and^ + 0 49 in the latter. Non- 
conjunction with the coefficient of variabihty of these two characters 
gave correlations of +0 11 and + 0 27, respectively None of the 
partial correlations were statistically significant according to the 
standards set up, but all of the 12 were positive with the exception 
of the correlation between the coefiScient of variability of number 
of spikes per plant and micronuclei All of the multiple correlations 
were significant with the exception of number of spikes per plant 
correlated with micronuclei, nonorientation, and nonconjunction. 
These results rather definitely show that there is a positive relation- 
ship between cytologic aberrations and the coefficients of variabihty 
of the three plant characters, weight of seed, height of plants, and 
fruitfulness. Micronuclei and nonconjunction are more Mghly 
correlated with the coefficients of variabihty of weight of seed per 
plant than is nonorientation, and micronuclei and nonorientation 
are more highly correlated with the coefficients of variability of height 
of plants and fruitfulness than is nonconjunction These results 
indicate that the micronuclei, nonorientation, and nonconjunction 
are causing variabihty in the three plant characters mentioned above 
or else are associated with some factor or factors causing variabihty. 
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tions between nonconjunction and predisj unction are statistically 
significant in Marquillo but are not in Marquis It scoins doubtful 
whether predisjunction is instrumental in the production of micro- 
nuclei in the tetrads This is in agreement with the cytologu? eviclericc 
From a consideration of all available data it soems logic'al to con- 
clude that nonorientation is most pioimncnt iii the piodiufi.ion of 
micronuclei, but that nonconjunction also plays some part 


CORRELATIONS BETWEEN PERCENTAGE FREQUENCY OF DIF- 
FERENT ABERRATIONS AND STATISTICAL MEASURES OF 
PLANT CHARACTERS 


The coefficients of correlation were used to deteiunme the relation- 
ship existing between the abnormalities occurring during nuciosporo- 
genesis and plant characters The data may be separated into two 
distinct groups In the first group are included the coefficients of 
correlation between cytologic aberrations and the statistical measure 
of characters of the plants which produced them, and in tlic second 
group are given the coefficients of correlation between cytologic 
abnormalities and the statistical measures of the chara(‘ters of the 
progeny of the plants in winch these abeirations were studied^ Ouly 
quantitative characters were used in the studies as no differential 
qualitative characters were found 
The only plant character obtained m Maiquillo plants examined 
cytologically was percentage of fruitfulness The correlations of 
fruitfulness with micronuclei, nonorientation, and noncon junction 
were +0 19, +0 22, and —0 06, respectively These results arc not 
statistically significant 

Table 9 gives the simple, partial, and multiple correlations for 
Marquis Statistically none of the correlations are significant, but 
it IS worthy of note that of the 12 simple coefficients of correlation 
calculated all but two are negative and those two are very low, being 
+ 0 06 and +0 10. The highest correlations were obtained between 
the cytologic aberrations and weight of seed, and in every (‘as('. they 
were negative These results indicate that there, may bo some (‘orriv 
lation between cytologic aberrations and the characters of tlu^ plant 
in which they occur. 

Table 9 — Coefficients of con elation between percentage Jm/neneies of diffierent 
aben ations found occurring during wicrospoi agenesis oj Margins and statistical 
measures of characters of this vanetg « 


Sim 1)1(1 


Puriial 


N^umber of spikes per plant (6), 


Weight of seed per plant (6). 


Height of plants (7), 


Fruitfulness of outside florets (8) 


rfll-O 22 

rr) 2 - on 
r53+ 0 ($ 
infill!) .37 
rot- .23 
r02- 12 
roll- H 
lUm .20 
r71- 16 
r72+ . 10 
r73- H 
iv‘7 
rSl- 
r82- 
rH3- 

J81 


34 

10 

25 

04 

.25 


r5 1.23 -0 30 
r52 13-t- 29 
r53 12+ 11 


rOl 23- 

.20 

r02 13+ 

0(1 

rail 32- 

10 

r71.23- 

.29 

r72 13+ 

.29 

r73 12- 

.12 

rBl 23+ 

7)3 

r82. 13- 

.20 

r83. 12- 

.02 


N 24, levels of slgiufl 

NT the va ue of the uoirelatioii foemcient foi dimiroMl kvtfls of 

significance an N of 20 and an r of 0 42 gives a F value of 0 05. 
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T\ble 11 — Coefiimcnts of coiielahon between percentage frequencies of different 
aher rations found occurring during microsporogenesis of plants of Marguillo and 
characters of these plants 

('hai actors 


-Vvciago numhci spikes [lei plant (ro 


\verage weight of seed per plant (6J 


\verage height of plants (7) 


Percentage fruitfulness of outside florets of noncovered spikes (8) 
Percentage emergence based upon number of seeds planted (9)_-. 


Percentage matured based upon number of seeds planted (X) 


« Kev to numbers t=micronuclei, 2 ==nononentation, i= nonconjunction N=23 Levels of signifi 
cance According to Fischer’s gi) tables for the values of the correlation coefficient for different levels of 
significance an N of 20 and an r of 0 42 gives a P value of 0 05 

In summarizing it may be said that some one, or m some cases 
maybe all, of the cytologic abnormalities are negatively correlated 
with the plant characters studied except the plant character average 
number of spikes per plant Micronuclei, nonorientation, and non- 
coniunction seem to be negatively associated with average weight of 
seed per plant, average height of plants, and percentage of fruitful- 
ness, and probably nonconjunction alone is negatively associated 
with percentage emergence and percentage matured 

PERCENTAGE OF NATURAL CROSSING IN MARQUILLO 

It is of interest to determine the amount of natural crossing in 
Marquillo, since Hollmgshead (7) has found a high percentage of 
nonconjunction m some Fi hybrids, especially when Garnet and 
Marquillo were the parents That natural crossing m Marquillo is 
probably frequent has been well recognized by workers at the Min- 
nesota Agncultiiral Experiment Station Goiilden and Neatby (S) 
found this to he true, and in addition they found that the amount 
of natural crossing varied between lines and between different years 
Hayes (5) and Hayes and Garber (6) report natural crossing in wheat 
to vary from 2 to 3 per cent at University Farm, St Paul, Minn 

It will he remembered from the discussion under Materials and 
Methods that seeds from both covered and noncovered heads weie 
tested for susceptibility to black stem rust, form 21 Figure 1 shows 
the difference m susceptibility among plants.^ The six leaves at A 
are from plants grown from seed of covered spikes and show different 
degrees of resistance. The nine leaves at B were grown from seed 
of noncovered spikes, the first six on the left showing variation m 
degrees of resistance and the last three on the left showing suscepti- 
bility Once they had become mixed, it would be impossible to 
isolate these from the susceptible leaves taken from plants of Ceres 
shown at C Then, as this picture shows, it was very easy to separate 
the susceptible and resistant plants. 


Simple 

Partial 

r51~0 

16 

r51 

23-0 07 

r52- 

05 

r52 

13+ 

04 

rf)3- 

34 

r53 

12- 

31 

Ps 121 

35 




r61- 

38 

r61 

23- 

35 

r62- 

n 

r62 

13+ 

20 


34 

r63 

12- 

23 

Pg iji 

48 




r71- 

19 

r71 

23+ 

11 

r72- 

2') 

r72 

13- 

24 

r73~ 

38 

r73 

12- 

38 

Py 121 

45 




r81- 

48 

r81 

23- 

20 

r82~ 

42 

r82 

13- 

18 

r83- 

35 

r83 

12- 

26 

Ps 121 

54 




r91+ 

02 

r91 

23+ 

31 

r92- 

09 

m 

13- 

25 

r93- 

45 

r93 

12- 

51 

Pg i^i 

51 




rXl + 

04 

rXl 

23+ 

20 

rX2 + 

05 

rX2 

13- 

06 

rX3~ 

46 

rX3 

12- 

50 

■R\ 121 

50 
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Table 10 — Coefficients of conelaiion between peiceniage Jicgiienaes of (bfeient 
aberrations jound occurring during micr ospot oqenests oj plants oj AJarqiiillo and 
coefficients of vanahility of characters of progeny of these plants “ 


Characteijs 


Number of spikes per plant (5) 

Weight of seed per plant (6) 

Height of plants (7) 

Pruitfulness of outside florets of nonco\ered spikes (8) 


Kiinple 


Pm (uil 


/5l-() A7 

r5l 2.$““() 

33 


2t 

152 li-h 

02 

/53-1- 

02 

/53 12+ 

17 


U) 



/f)l + 

51 

lOl 23+ 

32 

r()2-l- 

d,i 

H>2 13+ 

01 

;(53+ 

15 

rh,i 12+ 

35 

All 1 ) 1 

CO 



r7l+ 

47 

m 23+ 

1ft 

r72-i- 

5t 

r72 13+ 

32 

r734- 

Pl KM 

11 

55 

r73 124’ 

01 

rSl + 

01 

?S1 23+ 

"38 

?H2+ 

40 

jS2 13+ 

13 

rSS-h 

27 

rSJ 12+ 

i2 

As KM 

02 



-- 


“ Kev to numbers l=micronuclei, 2=nononentation, .l=nonconiuiictiori N-2.1 I.evols of signifi- 
cance According to Fishei's (2) tables for the \alues of the corielalion cooflicient foi dillerenl loMds of 
significance an N of 20 and an r of 0 42 gnes a P value of 0 05 


Table 11 gives the coefficients of correlation betveon jicrccntage 
frequencies of diflerent aberrations occumng during microsporogenesis 
of plants of Marquillo and values of statistical nioasurenionts of 
characters of their progeny The abeirations used in tlie studies wore 
micronuclei, nonorientation, and nonconjunction, and the charai-ters 
were average number of spikes per plant, average weight of seed per 
plant, average percentage of fruitfulness, percentage emergence based 
upon number of seeds planted, and percentage matured liasod upon 
the number of seeds planted None of the coirelations with average 
number of spikes per plant were sigmficant Only four statistically 
sigmficant simple correlations were obtained. Micronuclci and noii- 
orientation gave a —0.48 and —0 42, respectively, with percentage of 
fruitfulness, and nonconjunction gave coirelations of -0 45 and 
-0 46, respectively, with percentage, emerged and percentage 
matured The only two significant partial correlations of -0 .51 and 
-0 50 were obtained between peicentage matured and noncoiij unc- 
tion, holdmg micronuclei and nonorientatioii ccuistant., and penauitage 
matured and nonconjunction, holding tlie. same two valuables as 
before constant. None of the multiple correlations in wlmdi the iilanl. 
character was correlated with the three chromosomal a.l)('rrations was 
statistically significant. None of the simple correlations between 
average weight of seed per plant and any of the cytologic abnormalities 
was statistically sigmficant, nor were the simple correlal,ions statisti- 
cally significant between aveiage height of jilants and any of the 
g-tologic aberrations, micronuclei, nonorientation, or nonconjunction, 
xlowever, that a true correlation might exist between these two plant 
cnaracters and chromosomal aberrations seems evident from the fact 
that the correlations obtained were negative in all cases. 
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DISCUSSION 

The question whether the desirable qualities of the emmer group 
of wheats can be combined with those of the vulgare group into a 
gcnuiTially stable variety is highly important to anyone endeavoring 
to im])rove this crop Marquillo, Marquis, and Minnesota 2303 
were used m the investigation of this problem Marquillo was 
produced iVom a cross of Marquis with a highly rust-resistant variety 
of durum called lumillo, and it combined the stem-rust resistance of 
the durum parents with desirable characters of the vulgare parent 
However, under field conditions it proved to be more variable in 
agronomic characters than Marquis or other common wheat varieties 
and yielded a flour which produced bread of somewhat inferior color 
but satisfactory in every other particular Marquis is grown more 
widely in the hard red spring wheat areas of the United States and 
Canada than any other variety It is an excellent milling and baking 
wheat, in general possesses desirable agronomic characters, and pro- 
duces fair yields except when damaged by black stem rust. Mar- 
quillo in the field is resistant to black stem rust and therefore repre- 
sents a distinct step forward in combining the desirable characters 
of the durum and tmlgare wheats into a single variety. Realizing 
the desirability of continuing beyond the progress already made, 
investigators at the University of Minnesota, cooperating with the 
Division of Cereal Crops and Diseases of the United States Depart- 
ment of Agriculture, crossed a sister selection of Marquillo with 
Kanred X Marquis selections which excelled in agronomic characters 
From this cross was derived Minnesota 2303, which experiments to 
date have shown to be fully equal to Marquis in milling and baking 
qualities, including color of bread produced from the flour; superior 
in yielding ability, fully equal in other agronomic characters, and 
m addition to possess resistance to black stem rust Minnesota 
2303 combines the desirable characters of the durum and vulgare 
wheat groups Since Marquillo exhibited more variability of agro- 
nomic characters than other common varieties, and Minnesota 2303 
gives promise of becoming a highly desirable economic variety, it 
seemed advisable to determine their germinal stability in comparison 
with Marquis as evidenced by cytologic studies 

Minnesota 2303 was included m the studies on the frequency of 
the occurrence of micronuclei only The results reported in this 
paper show that Minnesota 2303 in respect to the chromosomal 
aberration is no more unstable germinally than Marquis ^ Later 
unpublished work including nonorientation and nonconjunction con- 
firmed this conclusion based upon a study of the occurrence of micro- 
nuclei. Even though Marquillo was found to be more unstable 
germinally than Marquis and this instability was shown to be associ- 
ated with agronomic variability, the data obtained from studies 
with Minnesota 2303 prove that the desirable characters of the 
durum and common wheat groups can be combined in a germinally 
stable variety 

The fact that germinal instability is associated with variability 
of agronomic characters makes it important to determine whether 
this phenomenon is due to natural crossing which would produce 
variability and the correlations noted This does not seem probable 
as the 7 2 per cent of natural crossing found in Marquillo would 
produce only approximately 2 hybrid plants among the 23 whose 
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The results obtained are reported in Table 12 PlatitiS fjji'uiMi from 
seed of covered spikes varied in pcrcontago of susceiitible plants from 
0 to 1 2, depending upon the line, while the diffeient lines grown from 
seed of noncovored spikes vaned in susceptibility Irom 0_ to 9 S per 
cent and had an average of 3 f)±0 50 per cent of susceptible jilants 
The lines grown from seed of covered spikes showed an a^erage of 
0 4±0 11 per cent of susceptible plants, and all the plants of (’eres 
grown as chocks proved to be susceptible. The. chances of the dif- 
ference of 3 2 ± 0 51 per cent between covered and noncovored seed 
being due to the probable errors of random sampling are very small 
Griffee and Hayes {4) have pointed out that the jiercentage of plants 
showing evidence of crossing should bo doubled in order t.o obiiain 
a true measure of the amount of natural crossing t.hat takes place 
On tins basis, if the percentage of susceptible plants can be used as 



Figure 1— Reaction of seedlings of MarqiuUo, C^ios, anti imtiinil liylnids l»ot\v(‘on these Iwo 
\arieties to black stem rust, form 21 A, Lou\cs of aeetlliiiKs giown fioin sots! <if t tjvtwtl Kpllves 
oJMarquillo, B, leaves of seodlmgs grown fiom seed of mmcoveiiMlspikeH of MniMuillo, the tlut*e 
at the right being natural hybiids, V, lea\eh of soctllmgs fiom setMls of ( 'pies 


a measure of natural crossing, the amount 0 (‘(*un’ing in Mar(|uillo 
would be 7 2 per cent. 


Table 12 — Peicentaqe of suscepiihle seedlings m ihjfvreni linrs of Marquillo 


Culture No 

Plants 

Seedlings fioin covoiod 
spikes 

Socdlmgs fioni noncovcied 
spikes 



Total 

Susceptible 

Total 

Susooptihlo 

407-12-20 

Number 

19 

14 

24 

21 

13 

14 
13 
12 

Number 

127 

114 

243 

Number 

Pci cent 

Nimhn 

Number 

21 

10 

10 

/V? cent ^ 

407-9-3 

1 


214 

169 

9 H 
5 9 
4.6 

407-3-417 

0 u 
t 2 

0 

313-54 

148 

104 

164 


37 1 

407-17-12 


24«,) 

K 

3 3 

410-55 


6 

0 

151 

212 

175 

144 

4 

2. 6 

1 1 

407-19-13 

123 


3 

2 

0 

371-6 

126 


1 1 
0 



J 

8 

Average 




“0 4d=() 11 



«3 li±0 50 

— — 







^ Difference between those two is 3 2d=0 51 
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(Pis 2, A, and 3, F.) Predisj unction is used to denote the disjunction 
of a bivalent or bivalents in advance of the main group of conjugated 
cliromosoxnes during rnetaphase of the reductional division (PI 
3, E ) 

Two of the 32 plants of Marquillo were found to have 41 somatic 
chromosomes, those remaining having the normal number of 42, and 
all of the plants of Marquis and Minnesota 2303 possessed the normal 
clu omosomc number 

Two and eight-tenths per cent of the microspores of Marquillo 
revealed micronuclei, while 0 8 per cent each of Marquis and Minne- 
sota 2303 showed similar aberrations 

Extrusion of karyotin as shown m Plate 1, A, was found m 2 8 per 
cent of the very young microsporocytes of Marquillo, culture 407- 
15-17 

Nonorientation of bivalents was found to occur in 10 8 ± 0 68 per 
cent of the cells of the young microsporocytes of Marquillo and in 

6 9 ± 0.49 per cent of those of Marquis 

Nonconjunction was exhibited m the metaphase of the first division 
by 6 1 ±0 44 pei cent of the Marquillo microspoiocytes and in 

7 7 ± 0 93 of those of Marquis 

In Marquillo on an average 1 4 per cent of the cells examined 
showed polyvalence, whereas 0.4 per cent of the pollen mother cells 
of Marquis wore found to show this condition. 

It does not seem that the amount of polyvalence exhibited by either 
Marquillo or Marquis is sufficient to account for 59.3 and 80 1 per 
cent, respectively, of cases of nonconjunction, which is the amount 
that could not be accounted for by failure of homologous chromo- 
somes to pair 

The microsporocytes of Marquillo showed 6 3±0 69 per cent of 
predisjunction and those of Marquis 2 8±0 31 per cent 

Probably both nonorientation of bivalents and nonconjunction 
give rise to micronuclei found in the imcrospores, but it is doubtful 
whether predisjunction causes this phenomenon. 

Microsporocytes showing fragments of chromosomes were found in 
both Marquillo and Marquis 

The progeny of culture 407-17-13 were grown for further cytological 
studios because of the high percentage of abnormalities exhibited 
bv this plant One of the progeny was found to possess 41 somatic 
chromosomes In another progeny of this plant was found an anther 
m which the two pollen sacs studies exhibited differences in the per- 
centage of imcrospores possessing micronuclei In the upper pollen 
sac 22.3 ±2 02 per cent of the imcrospores possessed micronuclei, 
whereas only 1.6 ±0 64 per cent of the microspores counted in the 
lower pollen sac exhibited this condition 

The progeny of culture 407-12-24 were grown because the per- 
centage of chromosomal aberrations exhibited by this plant was low. 
All the progeny were found to have 42 somatic chromosomes and the 
percentage of abnormalities was again low 

The progeny of culture 407-12-3 were grown because this plant 
possessed only 41 somatic chromosomes One of the progeny was 
found to have 19 bivalents plus 2 univalents, whereas the other 6 
possessed 41 somatic chromosomes 

An average of 23 4±0 24 per cent of the microspores of the 41- 
chromosome plants showed micronuclei On the basis of the num- 

325056—32 3 
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progeny were grown for the purpose of correlating cytologic alxn’ra,- 
tions found in the parents with variability and average values of 
agronomic characters of the progeny That- none of t-hese 23 plant,s 
were hybrids was indicated by the fact that it wa,s nnpossilde to 
find them segregating for any qualitative (diaracters Even il t-wo 
hybrid lines, the number expected due to natoral (uossing, were 
present among the 23 lines studied it is evident that- t-hey could 
hardly have been responsible for the correlations [ireviously re])orl-(‘d 
hloreover, it does not seem that natural crossing (‘an explain all of 
the variations in percentage of chromosomal aberrat-ions found 
occurring among the different plants of Marquillo and Marcpiis, 
for if natural crossing were instrumental in causing high frecjuencies 
of aberrations, these different aberrations should lie posit-ively 
correlated Nonorientation did not show^ a significant coi'relation 
with either nonconjunction or predisjunction Therefore, it seems 
that natural crossing is not responsible for the germinal instability 
found in Marquillo and consequently it may lie concluded that 
germinal instability is directly responsible for at least some of t-he 
variability within agronomic characters of this variety 

These data emphasize the importance of cytology as a-ii aid to 
plant breeding. More work needs to be done before the exa(‘t im- 
portance of the different chromosomal aberrations can be defimt(dy 
determined However, the data available are strongly iiulKudive of 
the importance of chromosomal aberrations in producing (‘ci’tain 
phenomena pertment to the pioblems which arise m any (‘rop im- 
provement program and consequentl;f these phenomena should be 
given consnieration A statistically significant negative correlation 
was obtained between chromosomal aberrations and percentage 
fruitfulness, indicating that these aberrations may lie (*ausing sterility 
in some of the florets Leighty and Taylor {ik) and Goulden and 
Neatby (3) point out that natural crossing seems to bo asso(‘ia-te(i 
with sterility If such is the case, it seems that chromosomal aber- 
rations may be the indirect cause of the large percent-age of natural 
crossing that Leighty and Taylor {12) re])ort(^fl for some varieflu^s. 
Also, variations due to cytologic anomalies may be expend (‘d t-o bediave 
siimlarly to environmental variations, and it- is doubtful whet-lnu* 
they couW be eliminated by selection. For ('xam])le, it was impossible 
to identify the 41-chromosome plants on tlu^ basis of agronomi(’. 
characters 

SUMMARY 

Thirty-two plants of Marquillo, 27 plants of Ma,r(iuis, atul 30 
plants of Minnesota 2303 were studied (‘-ytolognuilly. Howiwcw, t-lu'- 
latter variety was included only m the stiidi(‘.s on t-lu^ pennmtage of 
microspores showing micronuclei. The iis(^. of cortam terms is ex- 
plained Nonorientation of bivalents has been applied to the occur- 
rence of a bivalent or bivalents off the equatorial planer just prior to 
the disjunction of the mam group of bivalents during metapluise of 
sporogenesis (PI 1, C and D ) Nonconjunction is used to signify the 
occurrence of a univalent or univalent chromosomes during nictaphase 
of the reductional division, when presumably the homologous mates 
of this univalent or these univalent chromosomes ar(^ prescuit. (PI. 3, 
A ) Polyvalence has been employed to designate the union of threx^. or 
more chromosomes during the inetaphase of tlu^ rcHluct-ional division 
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ber of microspores showing miciomiclei the expected ratio of 20:21 
chromosome gametes was found to be 74:26 Nishiyama {14) hy 
using the back-cross method deteumned the expected ratio of 20:21 
chromosome gametes to be 73:27 

The results obtained with these 42-chrom()ROJne plants strongly 
indicate that in somewhat more than 50 per cent of the microsf)or()- 
cytes in the anaphase of the first division the univalent chrotnosonie 
went to the poles without dividing. The clu-omosomes resulting 
from those cases in which the univalent divided, did not divide in the 
second division but lagged and eventually formed the mi(‘ronu<‘lei 
occurring in the tetrads. 

By determining the percentage of microspores showing micronuclei 
and making the necessary calculations, the frequency of plants having 
abnormal chromosome numbers may be predicted for any variety. 

The coefBcients of correlation calculated between percentage fre- 
quencies of different aberrations indicate that micronuclei are asso- 
ciated with both nonorientation of bivalents and nonconjunction, 
but that no corielation exists between nonorientation and non- 
conjunction 

The coefBcients of variability of the characters of the progeny of 
the Marquillo plants studied cytologically were calculated and then 
correlated with percentage frequency of the dilfercnt <‘hromosoma] 
aberrations Statistically significant positive simple correlations 
were found between the coefficient of variability of weight of seed 
per plant and micronuclei as well as nonconjunction; coofficaent of 
variability of height of plants and micioniudei as well as nonorienta- 
tion of bivalents, and coefficient of variability of fruitfulness and 
micronuclei as well as nonorientation of bivalents 

Likewise, the average values of the characters of the progeny of the 
Marqmllo plants studied cytologically were calculated and then corre- 
lated with percentage frequency of the different chromosomal aber- 
rations Statistically significant negative correlations were ob- 
tained between percentage fruitfulness and micronuclei as well as 
nononentation of bivalents, between percentage emergence and non- 
conjunction, and between percentage of seeds which produ(‘ed 
mature plants and nonconjunction. 

The percentage of natural crossing in Marquillo was found to be 
7 2, which is higher than has been generally fouml for other vai’ieties 
at the Minnesota station 

Marquillo was found to possess greater germinal instaliility than 
Marquis, but Minnesota 2303 was found to be tlie ecpial of Marquis 
in gerimnal stability, thus proving that the desirable (pialities of the 
durum and vulgare wheats can be combined into a single gerniinally 
stable variety 

The germinal instability of Marquillo was found to be associated 
with the greater variability of agronomic characters possessed by this 
variety. 

The data indicate that germinal instability is responsible for the 
high percentage of natural crossing found in Marquillo. 

Variations due to germinal instability of varieties <‘.an be distin- 
guished from environmental variations only by combined (*ytologic 
and genetic studies 



SOME EFFECTS OF ROOT ROT ON THE PHYSIOLOGY 

OF PEAS* 

B\ J G IfoHSFALL, AsHociate tn Rcaemchf Botany, Z I Kertesz, Associate m 
Reseaich, ChemnVuj, and E L Gkekn, foimcrlv Associate in Reseat ch, Chcmis- 
tty, New York (Geneva) Blate Agiicaltural Expetiment Station 

INTRODUCTION 

The disease complex known as root rot of peas {Pisum salivum L ) 
IS a disturbing element in the production of the high quality in peas 
necessary for a Fancy canned or market product Canners' field 
men have long known that in a pea field spotted with yellow-root-rot- 
affected areas it is difficult to determine the time to harvest the crop 
for maximum quality The yellowed plants pass more rapidly up to 
and beyond the canning stage than the more nearly normal plants in 
the same field If the field is harvested when the peas on the diseased 
vines reach the canning stage, a considerable yield increment that 
would come from the more slowly developing healthy vines is sacri- 
ficed If, on the other hand, harvest is delayed for the yield incre- 
ment from the healthy vines, the uniformity and quality of the pea 
pack are reduced 

Root rot occurs m scattered spots over a field of peas The below- 
ground parts of affected plants turn dark, die, and rot; and the leaves 
become yellow and die progressively from the bottom of the plant 
upward The entire diseased plant from the lowest leaf to the tip 
of the stem, including the pods, is a lighter shade of green than a 
healthy plant Diseased plants set fewer pods and fewer peas per 
pod than healthy plants, and thus the yield is reduced The symptom 
most significant to this study, however, is that the peas on diseased 
vines reach and pass the canning stage more quickly than those on 
healthy vines In this way hard peas sometimes find their way into 
the pack 

The term '^root rot’^ is used in this paper to denote a symptom 
complex It describes most aptly the morbid condition of the pea 
plant when its below-ground parts are infected with pathogenic 
microorganisms Several such organisms are known to occur in the 
soil on the canning crops farm of the New York State Agricultural 
Experiment Station at Geneva, N Y , where most of the pea samples 
for these tests were obtained The disease under investigation can 
not be ascribed with certainty to any single organism. The most 
important of the loot-rotting lungi present are, Pyihium spp , A^ha- 
nomyces eumches, Drechs , Fusanum marlii pisij F. R Jones and 
other species of Fusanum Ascochyta pinodella, L. K Jones, My- 
cosphaerella pinodes (Berk and Blox,) Stone, Rhizoctonia solani 
Kuhn, and species of bacteria and nematodes are also found sometimes 
in the roots, epicotyls, or hypocotyls of the diseased plants 
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MATERIALS AND METHODS 

Pea samples for this study were obtained from five fields spotted 
with root rot In each field two areas of 10 to 20 square yards each 
were selected, one in a spot showing the well-known sjmiptoms of 
root rot and the other m an adjacent spot where nearly disease-free 
plants were growing A sample weighing approximately 3 kg was 
removed between 7 and Sam from each of these areas at various 
intervals, as shown m the tables An attempt was made to get the 
control samples from normal-looking plants free from discoloration, 
although it must be stated that, as a rule, a small amount of root 
infection could be detected all over the field Since the control 
sample consisted of disease-free or nearly disease-free plants, it is 
hereafter called normal 

An effort was made to trace the development of comparable peas 
during the canmng season Since, obviously, the same individuals 
could not be tested on more than one day, it was necessary to try to 
get comparable sections from the diseased and normal pea popula- 
tions This w^as done by using large numbers of vines (3 kg) and by 
harvesting these from contiguous areas as the season advanced 

The whole plants were always pulled, being broken at the ground 
line, and brought to the laboratory, where the pods were removed 
and shelled by hand All samples and all determinations on the 
fresh peas themselves were fimshed within one hour after harvesting 

As soon as the sample could be sheUed, it was passed through a set 
of hand sieves which separated it into the usual sizes 1-6, the diameters 
of which are given by Sayre, Willaman, and Kertesz (fO) The 
total weight of peas in grams and the weight in each size were then 
determmed ^ Also the total weight of vines and pods was found. 
From each size, where possible, quadruplicate lots of 20 unbroken 
peas were taken for the crushing test The load necessary to crush 
each of these four lots was then determined by using Green’s (4) 
modification of the crushing tester proposed by Sayre, Willaman, and 
Kertesz {10) 

From these experimental data the several factors as shown in 
the tables were calculated The average crushing load for the 
four lots of any one size was reduced to kilograms per pea The 
quality index, here called QI, was calculated by adding for all sieve 
sizes, except size 1, the products obtained by multiplying the average 
crusWg load of each size by the percentage of peas m that size 
Boswell’s number {1) or maturity index, here called MI, was cal- 
culated as he suggested by addmg the products obtained by multi- 
plying the percentage of peas by weight in each size by the size 
number. The data in the column m the tables headed Yield of 
fresh peas per 100 g of vines” were obtained from the respective 
weights of the peas and the vmes m any one sample 

For the determination of the dry matter of the peas 25 g or 50 g 
samples were used. These samples were dried at 100° C for two 
day's, after which several controls failed to show a further decrease 
in "weight These dried samples were used later for determining 
the ash, nitrogen, and crude fiber by the oflScial methods. 
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OBJECT OF THE INVESTIGATION 

This paper reports a study made during the 1931 season of some of 
the internal chemical changes that took place in the ovules of pea 
plants affected with root rot The investigation was designed 
primarily as a study of the aberrations in ripemng and quality of 
canmng peas that result from root rot It is an estabhshed fact that 
pea root rot affects the production of canmng and market garden 
peas, but so far as the writers are aware, this is the first attempt to 
evaluate the effect of root rot on the npemng and quality of peas 
The significance of the maturity index of Boswell ^(1)^ and of the 
quality index proposed by Sayre, Willaman, and Kertesz {10) was 
examined with reference to root-rot-affected peas 

LITERATURE REVIEW 

The literature of plant pathology mcludes few references to the 
internal chemical changes that occur in plants as a result of disease 
The results obtained by Shutt {12) and, independently, by Snyder 
(13), when reduced to a dry-matter basis, show that the gram of 
rusted wheat plants is higher m ash, crude fiber, and protein than the 
gram of health}^ plants. Shutt concluded that “the growth of the 
rust arrests development and induces premature ripening, which 
* * * means a straw m which still remains the elaborated food, 

and a gram small, immature, nch m protein, and deficient in starch 
Stoa (I 4 ) calculated his results on a basis of 13 5 per cent moisture, 
and concluded that the percentage of protein and ash decreases m the 
matunng grains of rusted wheat Headden {5) agreed with Shutt 
and Snyder that the percentage of crude fiber is increased by wheat 
rust, but disagreed in that he found a decrease in percentage of protein 
Dungan (5) inoculated corn in alternate hills at planting time with 
various root-rotting fungi, and then analyzed the gram at harvest 
time He found a decrease m specific gravity from 1 181 in the 
umnoculated plants to 1 154 in the inoculated Furthermore, the 
inoculated plants were significantly different from the uninoculated 
in that they contained more nitrogen but less ether extract and total 
sugar These differences were shown to be statistically significant 
The water relations of diseased plants are somewhat better known 
than the chemical ones Weiss {15) found that the so-called water 
requirement of wheat plants infected with rust is higher than that 
of healthy plants Kursanov (7) found a greater transpiration of 
wheat plants infected with Ustilago tritici, the ratio being 1.12 Lin- 
ford {8) determined that peas affected with the wilt disease caused by 
Fusanum orthoceras var pisi have a higher percentage of dry matter 
than the healthy peas Horsfall {6) showed that the stunting of 
clover plants affected with powdery mildew was probably due to the 
fact that the protoplasm of the diseased plants was functioning under 
drier conditions than that of healthy plants Shapovalov and Jones 
{11), w'orkmg with artificially inoculated plants, confirmed field data 
obtained by Rosa {9) showing that tomato plants affected with yellows 
were higher in dry matter than healthy plants 


2 Reference is made by number (italic) to Literature Cited, p 848 
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affected samples in yield in grams of fresh peas per 100 g of fresh vines, 
whereas in the normal samples the weight of fresh peas on tins basis 
did increase 

Two other samples of Alaska peas, one from a commercial field, were 
obtained These showed similar differences between normal and 
root-rot-affected peas Since both of these samples were taken only 
on one day each, they do not by themselves give a true picture of the 
growth and ripening of the^ peas In all these samples the root-rot- 
affected peas always required a higher crushing load and had a 
higher dry-matter content than the correspondmg sample of normal 
peas of the same size 

Advancer Peas 

The samples of Advancer peas came from a commercial field near 
Hall, N Y , on June 30, July 3, and July 6 The field was harvested 
for Fancy peas on July 3 The results obtamed are given m Table 2 

Table 2 — Comparison of Advancer peas from normal and from root-rot-af acted 

vines on different dates 


Noimal 


Root rot affected 


r)ateofhar\ est 


June 30. 


Julj 3-. 


JuU 6 . 


Size 

No 


Distn 
bution 
of sizes 


Crubh-l 
mg j QI « 
load 



cent 

pea 1 

' 1 

12 1 


2 

17 2 

i 38 

3 

56 3 

2 45 

4 

13 2 

3 14, 

, 5 

1 2 

__ 1 

' 1 

4 5 

I 

2 

b 3 

1 82 

3 

18 5 

2 S7l 

4 

40 1 

3 15, 

5 

26 51 3 551 

6i 

4 1 

3 771 J 

1 

1 3 

n 

2 

1 4 

2 041 

3 

4 8 

3 67 1 

4 

34 0 

4 02 

5 

49 6 

4 32l 

. 6 

8 9 

4 34 J 


203 2 


‘300 4l 


409 9 


MI 6 


274 2 


390 1 


Dr> matter 
as percent- ; 

age of— I Size! 
No 


Peas jVmes 


18 80' 
22 32' 
2b 721 


jDistn* Cmsh- 
butioni mg I QI “ 
lof sizes load i 


18 30, 24 09 


17 42 

18 44 

20 SO 

21 S9i 


I! 


Per Kq per 
cent I pea j 
4 7. 

25 2' 

48 0, 

22 1 


’i'nl 

2 74' 

3 23' 

I 


5 9! 
2b b 
49 3 
16 51 

1 oL, 

1 2i. 

6 3 
25 0 
38 Si 
23 3f 

5 4 


2 41 

3 04' 
3 27, 
3 651 


2 92; 

3 81 

3 881 

4 37' 
4 52| 


Ml - 


I Dry matter 
I as percent- 
I age of— 


247 21 287 6 


I 


Peas Vines 


21 43 


■317 1 


378 0^ 


■400 7! 392 5 


22" 

8ol 

24 

841 

25 

24 

3i' 

‘30 

|30 

10 

30 

42 


34 97 


* Quality index 


6 ISIatuntj inde\ 


Root rot influenced the quahty of the Advancer peas in the same 
way as it did that of Alaska peas Exceedingly hot weather pre- 
vailed during the period of enlargement of these peas, and no rain fell 
during the two weeks previous to July 2 As a result of these condi- 
tions the peas moved toward the canning stage very rapidly, as is 
shown by the remarkable increase m the MI value for both normal 
and diseased peas. 

Here, again, the MI value of the normal peas continued to increase 
after it had become practically stationary m the root-rot-affected 
peas The samples of July 6 were far below Standard grade peas. 
In all sizes taken on June 30 and July 3, where the two factors were 
determined together, the crushing loads and the dry-matter contents 
of the diseased samples were higher than those of the normal samples 
The results obtained on the larger sizes of the samples taken on 
July 6 are irregular because the crushing loads obtained at that 
time were very near the highest limit of the machine used 
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PRESENTATION OP RESULTS 

MATURITY AND QUALITY OF NORMAL AND ROOT-ROT-AFFECTED PEAS 

Alaska Peas 

Samples were obtained from a 1 5-acre field of Alaska peas planted 
on April 21, 1931, on the canmng crops farm of the State experiment 
station ® The root rot occurred on the edge of the field only, m a 
strip 4 to 5 feet wide On account of dry weather the peas ripened 
quickly but gave a good yield of Fancy grade peas Samples were 
taken from the normal and from the root-rot-affected areas on June 
22, 24, and 26. On June 28 one further sample was taken from the 
normal peas The results obtained from this series are presented 
in Table 1. 


Table 1 — Comparison of Alaska peas from normal and from rooUrot-affedcd 

vines on dijf event dales 


Normal 


Root rot affected 


Dry mat- j ^ ac 
ter as per- fjg 
centageof— gj 

I 



June 28. 


“ Quality index 


^Matuntj index 


It is apparent that the peas mcreased m size very rapidly On 
June 24 no peas of size 4 were found in the normal part of the field, 
but on June 26, 8 8 per cent and on June 28, 37 per cent of the peas 
harvested were size 4 or larger T\'hile the normal peas haidened 
rather slowly, those affected with root rot ripened quickly They 
attained a given size much earher than the normal peas, but they did 
not enlarge much further This fact is shown by the changes in the 
MI and QI values of these samples. In the case of the normal peas 
there ^ a steady increase in both values In the peas from the affected 
area the MI value (representing enlargement) mcreased only from 258 
to 262 after the second sample was taken In spite of this fact the QI 
v^ue mcreased considerably, showmg the rapid hardening of the peas 
There was no rainfall between Jime 22 and June 28 The dry-matter 
content of the normal plants and peas mcreased slowly, hut that of 
the root-rot-affected plants and peas increased rapidly During 
this mterval of tune there was no significant mcrease m the root-rot- 

vi^ableSops^Fviaon*^ Perfection pea samples discussed later the enters are indebted tothe 
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Figure 1 shows the relation between crushing load and sieve size of 
peas Each point represents the aveiage crushing load of any given 
size irrespective of age The numbers beside each point represent 
the average dry-matter content It is cleai from these curves, as 
was already well 


known, that the dis- 
eased peas, size for 
size, are harder than 
the normal It seems 
significant, however, 
that the difference in 
crushing load between 
normal and diseased 
peas for any one size 
IS approximately the 
same as that for any 
other size, even though 
the dry-matter con- 
tent varies tremen- 
dously 

The increase in 
crushing load with age 
of diseased and nor- 
mal peas IS showm m 
Figure 2 The pomts on the curves represent average crushing loads 
for all pea sizes weighted according to the diameter of the size m 
millimeters From Figure 2 it appears that the crushing load of the 
normal peas increased fairly regularly with age, but the crushing load 
of the root-rot-affected samples was lower on July 3 than on the 

previous day. This can 
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Figure 1 —The relation, m normal and diseased Perfection peas, 
between crushing load and sieve size of peas as averages for five 
har\ eat dates, showing that, size for size, the diseased peas are 
harder than the normal Small figures beside the pomts show 
dry-matter content 


be explained only as 
the result of a heavy 
rain (0 99 inch) that 
fell on the evenmg of 
July 2 Sayre, Willa- 
man, and Kertesz (10), 
working only with nor- 
mal Perfection peas, 
foimd also that a rain 
of 0 56 inch did not re- 
duce the load neces- 
sary to crush them 
The lowered crushing 
load of the diseased 
peas after the rain 
would, therefore, ap- 
pear significant 

The increase in dry- 
matter^ content with 
age of diseased and nor- 
mal peas appears in Figure 3 The points on the curves represent 
average dry-matter content weighted, like the crushing load in Fig- 
ure 2, according to the diameter of the size in millimeters. It 
should be noted that the drop in dry-matter content of the diseased 
peas after the ram of July 2 w’as much more pronoimced than in 



Figure 2 — ^Increase m crushing load with age, for normal and 
diseased Perfection peas harvested on different dates The 
points on the curves represent averages for all pea sizes 
weighted according to the diameter of the size expressed m 
millimeters 
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In view of the excessive dryness within the peas on the diseased 
vinos, that contributed in part to their relative hardness, it seemed 
worth while to see if a part of this was not due to the vuthdrawal of 
water from the peas by the leaves. Accordingly the writers made use 
of the technic devised by Chandler (2) to demonstrate that leaves of 
fruit trees can extract water from the fleshy fruits A dozen vines 
from each of the samples collected June 30 and July 3 were divided 
into two lots of SIX vmes each, the pods being removed from six 
vines and left attached to six The vines from which the pods were 
removed wilted approximately one hour sooner in each case than did 
those from which the pods were not removed, showing that leaves 
do have the capacity to withdraw water from the peas, thus aggra- 
vating a dry condition induced by a curtailed power of absorption 
through the diseased roots. 

Perfection Peas 

The observations on Perfection peas are the most complete obtained 
in this study The peas were planted on April 15 on the canning 
crops farm of the experiment station About one- third of the field 
was very badly injured by root rot Because of this disease the yield 
obtained when the crop was harvested for Fancy peas (July 2) was 
much lower than the average yields previously obtained on this farm 
The peas were in the Fancy grade on July 2, in the Extra Standard 
grade on July 3, and were Standard on July 6 The results obtained 
are presentee! in Table 3 The data that appear in Figures 1 to 8 
were taken from Table 3 


Table 3 — Comparison of Perfection peasjrom normal and from root-rot~affecled 

vines on different dates 


June 2S„. 


July 1- 


Julj : 


July 3. 


July 6-. 


Xormal 


S3 

2>= 


Date of 

harvest s 




9 . 1 

is' 
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lO 77, 
93 1 
1 36, 
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1|76 2 
2 21 2 
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lll7 0--.J 
2.21 3 1 68 

3 23 8 2 32 
4 I 27 2 2 89 
o' 9 73 06 
.6 1 0L.„, 

1 1 71.... 

218 7|1 98 
'3'28 6 2 88 

4 40 3|3 341 

5 10 5 3 30 
‘ 2 '-..! 
li 

2 
3 


3 3 .... 

4 51 92 
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against each other irrespective of size or age of the samples Ref- 
erence to the curves in this figure shows, over the range in which they 
are comparable, that the crushmg load for the peas of any particular 
percentage of dry matter averaged nearly 1 kg per pea lower for the 
root-rot-affected than foi the healthy peas, thus confirming the con- 
clusion drawn from Figure 4 that the structure or composition of the 
dry matter of diseased peas is less resistant to crushmg than that of 
normal peas Figure 5 also shows that the relation between crushmg 
load and dry matter became much less distinct in the diseased sam- 
ples when the dry matter was above 25 per cent Unfortunately, no 
samples from normal peas were available to show what this relation- 
ship might have been when their dry matter was above 25 per cent 

The increase in the MI values m Table 3 is again very characteristic, 
showing that the increase m size of the diseased peas stopped before 
the normal peas attained their maximum size The QI values of the 
root-rot-aft*ected samples were always higher than those of the noraial 
peas, on any * given 
date The true"differ- 
ence is| not well ex- 
pressed, [by these fig- 
ures, however, since 
m the latter part of 
their growth the nor- 
mal samples show’-ed a 
higher percentage of 
the large sizes than did 
the root-rot-affected 
samples 

The yield of fresh 
peas per 100 g of fresh 
vines was almost the 
same in the root-rot- 
affected samples taken 
on July 1 as m those 
taken on July 2,show- 
mg that the peas did 
not mcrease iii w^eight at the expense of the vines as they did in the 
case of the normal samples, where this ratio mcreased materially. 
The dry-matter content of the normal vines increased between July 1 
and July 2 at the usual rate, whereas, m the diseased vmes, the per- 
centagef of dry matter nearly doubled, showing that the root-rot- 
affected vmes" were affected by the drought so that they dried out 
rapidly Despite this decrease in the water content of the diseased 
plants, they did not wilt appreciably As a result of a heavy ram 
(0 99 inch) that fell on the evening of July 2 the moisture deficiency 
of the diseased vines was somewhat relieved, as shown by the fact 
that the water content of the peas themselves actually increased. 

On the sample of peas taken July 6, an additional test was made to 
determme whether pea leaves cotdd withdraw wmter from the pods, 
thus contributmg to the dryness of the peas withm This test con- 
firmed the two reported for Advancer peas by showing that the vines 
without pods wilted much more quieldy than those from which the 
pods had not been removed Thus it is evident that the diyness of 



Figure 5 —The relation m normal and diseased Perfection peas 
beti?veendrj -matter con tent and crushing load, irrespective of sieve 
si7e or age " The diseased peas are softer than the normal on the 
basis of equal percentages of dry matter 
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FiniRE 3 —Increase m drv-matter content ’with age, for normal 
and diseased Perfection peas harvested on different dates The 
points on the curves represent averages for all pea sizes weighted 
like the crushmg load in Figure 2 according to the diameter of the 
size in millimeters It seems 'Significant that the drop in dry 
matter content of the diseased peas after the ram of July 2 should 
have been so much more pronounced than that of the normal peas 


that of the normal peas. This drop m the percentage of dry matter 
for diseased peas is undoubtedly related to the decrease in the crush- 
ing load as shown in Figure 2 on the same day 

In view of the work of Sayre, Willaman, and Kertesz (10), who 

showed that crushing 
load (they called it 
crushing test) bears a 
close relation to dry- 
matter content for nor- 
mal peas, it seemed 
worth while to plot for 
diseased as well as nor- 
mal peas the crushing 
loads from Figure 2 
and the dry-matter con- 
tents from Figure 3 to- 
gether, usmg a com- 
pound vertical axis 
scaled on the left ac- 
cordmg to dry matter 
m per cent and on the 
right according to 
crushmg load per pea 
m kilograms This has 
been done in Figure 4. 
As was expected, the 
curves for dry-matter content and crushmg load follow each other 
fanly regularly, as they should do if they bear a close relation to 
each other For root- 
rot-affected peas, how- 
ever, the dry-matter- 
content curve climbs 
rela tively more rapidly 
with age than it should 
m relation to the crush- 
ing load. With this 
particular combina- 
tion of vertical scales, 
the cnishing-load 
curve for the most 
part remains above 
the dry-matter curve 
for the normal sam- 
ples The crushing- 
load curve remains 
altogether below the 
dry-matter curve for 
the root-rot-affected 
samples, however 
This indicates that the 
composition or structure of the dry matter of the diseased peas is less 
resistant to crushing than that of the normal peas. 

In Figure 5 the direct relation between dry-matter content and 
crushmg load for both diseased and normal peas are shown plotted 



/M/sj<esr £i/}r£ 

Figure 4 —A eombmation graph in which the crushmg load curves 
from Figure 2 are combined with the dr\ -matter curves from 
Figure 3 using a compound vertical avis scaled on the left according 
to dry matter in per cent and on the right according to crushmg 
load per pea in kilograms The drv-matter curve for the diseased 
peas seems to climb more rapidly than it should have m relation to 
crushing load, as shown by the normal peas 
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Table 5 — Comparison of nitrogen content of normal and root-rot-affected pea samples 
harvested on different dates 

ALASKA VARIETY 


Date of har\est 


June 26. 


?i7e 

No 


Nitrogen m normal I Nitrogen m peas 
1 peas I with root rot 


) ; 

1 

AVet basis 

Dr 5' basis 

V et basis 

Dr 5 basis 


1 Percent ' 

Percent 1 

Percent 

Per cent 

1 

i 0 91 1 

5 24 

0 98 

4 06 

2 

99 ; 

4 77 

1 02 

3 51 

3 

1 1 08 

4 54 1 

1 09 

3 54 

4 

' 1 09 

4 47 ' 

1 21 

3 92 


ADVANCER VARIETY 


June 26. 


I I ! 

,f 4 1 02 4 87 1 1 07 4 29 

,1 5 1 03 4 71 , 1 12 4 44 


PERFECTION VARIETY 


1 

2 

0 965 ' 

5 10 

0 972 1 

4 65 


3 

912 1 

4 61 

1 035 ! 

4 69 


4 

996 1 

4 66 , 

1 076 

4 61 


5 

1 998 1 

4 58 i 

1 026 , 

4 34 


2 

940 1 

4 97 

1 336 1 

4 34 


3 ' 

988 , 

4 91 : 

1 339 I 

4 49 


4 i 

982 

4 59 1 

1 296 1 

4 49 


5 

1 111 1 

4 76 




2 

1 020 , 

5 46 



Julj 3 

3 

988 ' 

4 99 

1 191 

4 15 

4 

1 030 1 

4 98 

1 195 

4 40 


5 

1 085 1 

4 91 

1 291 

4 58 


2 

1 016 

4 77 ; 

1 656 

4 70 

luU 6 

■ 4 

1 101 1 

4 72 i 

1 451 

4 42 


5 

1 181 1 

4 80 ' 

1 

1 527 

4 61 


Table 6 — Comparison of crvde fiber content of normal and i oot-rot-affecfed Perfec- 
tion pea samples harvested on different dates 


Date of hardest 


July 1. 


July 2. 


July 3. 


July 6. 


8ize 

Crude fiber in nor 
mal peas 

Crude fiber in peas 
y It h root rot 

No 






V et basis 

Dry basis 

Wet basis 

Dr\ basis 


Per cent 

Per cent 

Per cent 

Per cent 

2 

1 36 

7 26 

1 54 

7 38 

3 

1 54 

7 81 

1 66 

7 54 

4 

1 72 

8 03 

1 94 

7 79 

5 

' 1 92 

8 84 

1 82 

7 64 

2 

' 1 40 

7 42 

2 71 

7 88 

3 

: 1 70 

8 42 

2 41 

8 09 

4 

' 1 SO 

8 41 

2 17 

7 50 

5 

1 1 95 

8 36 



2 

1 1 39 

7 44 


1 

3 

. 1 66 

8 37 

2 32 

j 8 09 

1 4 

2 00 

9 35 

2 27 

1 S 35 

5 

2 05 

9 28 

2 55 

■ 9 03 

3 

, 1 75 

8 24 

3 18 

! 9 00 

4 

1 1 94 

8 34 

3 15 

1 9 59 

5 

1 2 10 

8 55 

2 93 

8 84 
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peas on root-rot-affected plants is partly due to the removal of water 
from them by the leaves, which are unable to obtain from the 
diseased roots all the water that they require for transpiration 

CHEMICAL CHANGES IN NORMAL AND ROOT-ROT-AFFECTED PEAS 

In order to obtain an insight into the changes taking place in some 
of the constituents of the normal and root-rot-affected peas, the per- 
centages of ash, nitrogen, and crude fiber were determined in several 
of the samples The results are presented in Tables 4, 5, and 6 


Table 4 — Companion of a'^h content of normal and root-rot-affected pea samples 
harvested on different dates 

ALASKA VARIETY 


Date of harvest 

1 

Size 

No 

Ash from normal 
peas 

Ash from peas with 
root rot 

Wet basis 

Dry basis 

Wet basis 

Dry basis 

June 26 

( 1 

Per cent 

0 805 
859 
923 
950 

Per cent 

4 62 

4 16 

3 89 

3 90 

Per cent I 

0 942 
940 
958 

1 163 

Per cent 

3 89 
3 22 
3 12 
3 74 



VDVANCER VARIETY 


0 745 I 
765 1 


3 56 
3 46 


Tune 26., 


0 866 
926 


3 48 
3 67 


PERFECTION VARIETY 


Julyl. 


July 2, 


July 3. 
Julv6- 


) 

1 

f 2 

0 827 ' 

4 37 

0 840 

4 02 


J 3 

884 { 

4 47 

843 

3 82 


1 ^ 

840 ' 

3 93 

869 

3 72 

! 

1 5 

888 1 

4 08 

940 

3 97 


f 2 

892 ) 

4 72 

1 28 

4 17 

1 

31 819 , 

4 07 

1 23 

4 12 

"i 

4 1 

807 i 

3 78 

1 03 

3 57 

1 

5 1 

901 1 

3 86 




2 

853 

4 57 



i 

3 

844 1 

4 26 

989 , 

3 45 

-r 

4 

880 1 

4 10 

940 

3 45 

I 

5 

925 : 

4 19 

948 

3 36 


3 

886 

4 16 

1 28 1 

3 64 

■“ 

4 

914 ' 

3 92 

1 06 ; 

3 23 

_[ 

5 

i 

972 j 

3 95 

1 12 ! 

3 34 


The percentage of ash on a fresh- \veight basis was slightly higher 
in the root-rot-affected samples than in the controls On a dry- 
matter basis, however, the percentage of ash in the diseased samples 
was nearly always lower, except in the Alaska sample, where it was 
practically the same as in the normal peas Nitrogen also in the 
root-rot-affected peas was lower on a dry-matter basis than in the 
normal peas. No significant differences were observed in the crude- 
fiber content of the dry matter in the samples of Perfection peas. 
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normal plants This condition was shown by Headden (5) to obtain 
when wheat is severely rusted This conclusion is supported also by 
the fact that the MI values showed that the diseased peas failed to 
enlarge materially during the same period It appears, then, that the 
peas began to dry out before they received their quota of filhng 
material and were thus harder size for size than the normal peas, just 
as shown m Figure 1 

The question arises, why, if the diseased peas are harder size for 
size than the normal peas, do the curves m Figure 5 show them to be 
softer? Since Figure 5 was drawn to show the relation between dry 
matter and crushing load, the explanation must hinge on some aspect 
of the dry matter An increase m percentage of dry matter in normal 
peas IS associated with a defimte increase in volume (Fig 6 ) In 
the case of diseased peas, on the other hand, an increase m the per- 
centage of dry matter is not attended by as large an increase in volume 
as in the normal peas 
The result is that for 
equal percentages of 
dry matter a normal 
pea IS larger and 
therefore harder to 
crush than a diseased 
one For example , in 
Table 3 on July 1, a 
dry-matter content of 
22 07 per cent was 
found in size 3 dis- 
eased peas that 
crushed at 2 69 kg per 
pea The nearest ap- 
proach to 22 per cent 
dry matter in the nor- 
mal peas on that date 
was 21 78 per cent, 
which occurred in size 
5 peas that crushed, 
not at 2 69, but at 3 06 kg per pea Assuming that the constitution 
of the dry matter was identical m the normal and diseased peas, 
then the fact that the normal peas of the same percentage of dry 
matter are larger than diseased peas would naturally help to explain 
why it is harder to crush them 

Size alone, however, is not sufficient to account for the difference m 
the two curves It is illuminating m this connection to look in 
Table 3 not only for equal dry-matter content irrespective of size on 
the same day but also for equal dry-matter content of the same size 
irrespective of date, since neither date nor size is considered in 
Figure 5 The nearest approach to the 22 per cent dry-matter con- 
tent for size 3 diseased peas on July 1 occurs in the normal peas on 
July 6 where peas containing 21 32 per cent dry matter crush, not at 
2 69 kg, but at 3 08 kg per pea Since the sizes are known to be 
identical, it follows that the diseased peas containing 22 per cent of 
dry matter were softer than the normal peas containing 21.32 per 
cent Likewise size 3 diseased peas contaimng 19 83 per cent dry 
matter crushed at 2 06 kg per pea on June 28, a value matched m the 
12505C— 32 1 



Figure 6 — The relation, m normal and diseased Perfection peas, 
between (maturity index) and average dr j -matter content, 
weighted like MI according to the sieve size number of the peas. 
The diseased peas are smaller than normal on the basis of equal 
percentages of dry matter, \%hicb in part explains ■wh 3 thej are 
softer 
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DISCUSSION 

Both the arrested growth and the diminished quality of root-rot- 
affected peas seem to be associated with the low water content of the 
diseased plants which are living under phj^siologically drier condi- 
tions than the normal plants in the same field There seems to be 
httle doubt that the stunting of the infected plants is due to the fact 
that the plants are unable to supply themselves vuth sufficient water 
to carry on properly the necessary metabolic functions In the case 
of the stunting of clover affected with powdery mildew (Horsfall {6)), 
the water deficiency associated vdth the disease probably is induced 
by the excessive transpiration losses through the uncuticularized 
hyphae of the fungus covering the leaf In the case of root-rot-affected 
peas, the deficiency seems to be due to a curtailment of the power of 
absorption by extensive root destruction 

The decrease in water content of the root-rot-affected peas mili- 
tating toward a decrease in quality, as measured by the crushing test, 
may come about in two ways (1) Unlike the normals, the dis- 
eased roots are unable to supply all the water lost by transpiration, 
especially under drought conditions such as prevailed during the 1931 
harvest season. This of itself is sufficient to increase the rate of 
drying in the peas and thereby lower the quality (2) The leaves, 
as already shown, have the capacity of offsetting a part of their own 
water losses by withdrawing from the pods water that they are 
unable to obtain tlirough the diseased roots, thus contributing to the 
hardemng of the peas \ntlim 

As previously stated, the crushing load and dry-matter content of 
the diseased Perfection peas actually diminished after the ram on the 
evening of July 2, whereas these values did not diminish materially 
for the normal peas (Figs 2 and 3 ) Apparently, the diseased 
peas absorbed enough water to replace a part of the deficiency, thus 
lowering the crushing load The healthy peas, on the other hand, 
having no great deficiency, did not absorb enough water to lower the 
crushing load appreciably. The loss of water seems to be irreversible, 
or nearly so, in the normal samples, but not altogether irreversible in 
the case of the root-rot-affected samples 

In Figure 5, where the dry matter of diseased and normal peas is 
plotted against crushing load, irrespective of size or age of the 
samples, an apparently anomalous condition exists The two factors 
appear to bear the same geneial relation to each other in both samples, 
as shown by the fact that the relation may be expressed by a line 
approximatmg a straight line in each case and that each line forms the 
same angle vuth the axes. Yet the curve for the diseased peas is 
lower for any particular percentage of dry matter by almost a kilo- 
gram per pea than for the healthy samples A study of Figures 1 to 4 
and the variation from time to time of the crushing loads of the 
various sizes furnished the justification for the plotting of Figure 5 
without regard to size or age 

It seems sigmficant that in both the Alaska and the Perfection 
samples the yield of fresh peas per 100 g of fresh vines did not increase 
materially beyond a certain stage in the diseased vines as it did in the 
normal This indicates that the filling material either was not syn- 
thesized or did not move from the stems and leaves into the develop- 
ing ovules of the root-rot-aftected plants as freely as it did m the 
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are softer than the normal peas on the basis of equal percentages of 
dry matter 

The maturity index as conceived by Boswell (1) does not fit the 
condition that obtains in a sample of root-rot-affected peas Bos- 
welFs number has a sigmficance, however, m comparing the size ratios 
of two samples of peas It shovvs, for example, hovv the normal peas 
soon outstrip the diseased ones m enlargement BoswelPs number 
would rate normal peas as more nearly mature than the root-rot- 
affected ones of the same age that by reason of their greater dryness 
have more nearly reached the resting condition usually considered 
as maturity It would also rate the diseased peas of the July 6 sample 
as less mature than those of the July 3 sample The MI value is an 
admirable measure of size differences but not of maturity. 

The quality index (QI) of Sayre, Willaman, and Kertesz (10) also 
fails in some measure to show the differences betvveen the diseased 
and the healthy samples, because it, too, depends upon the size of 
the peas for its expression This index could not be applied with 
success in a pea field where root rot is prevalent Because of the 
actual decrease in average size for diseased Perfection peas this value 
IS much lovver on July 6 than it should have been 

SUMMARY 

The effect of root rot on the physiology of peas, especially ripening 
and quality, was studied by following the changes m size distribution, 
load necessary to crush, dry matter, ash, mtrogen, and crude fiber 
in root-rot-affected peas as contrasted with normal peas 

According to the MI (maturity mdex) value, diseased peas enlarged 
more rapidly at first than healthy peas, but soon the rates of enlarge- 
ment began to lessen, so that the diseased peas never reached the 
maximum size attained by normal peas 

After the growth of the diseased peas had begun to lessen their 
quality declined rapidly 

The curtailment of growth and the lowering of quality were both 
intimately associated with the lowered water content of root-rot- 
affected peas This finding agrees with those of other investigators 
working with other plant diseases 

The load necessary to crush one pea was much higher, size for size, 
on the same harvest date in the diseased than in the normal samples 
This is another way of saying that on the same harvest date, diseased 
peas were poorer in quality than normal peas On the basis of an 
equal percentage of dry matter, however, the diseased peas were much 
softer than the normal peas This was due to two facts. (1) 
They began to dry out before they were filled and thus they were 
smaller, hence their resistance to crushing was less, (2) the dry-matter 
stuff itself was softer than that in normal peas Thus the relation 
between crushing load and dry matter was different m the root-rot- 
affected from that m the healthy peas 

No significant difference was found m the crude fiber content of 
normal and diseased Perfection peas 

The percentage of ash in the root-rot-affected peas on a dry-matter 
basis was always lower than that of the corresponding healthy peas 
The percentage of nitrogen on a dry-weight basis was lower in prac- 
tically every instance in diseased than in normal peas 
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normal peas on July 1, where size 3 containing 19 78 per cent dry- 
matter crushed not at 2 06 but at 2 32 kg per pea In explaining the 
difference on the basis of size, it was necessary to assume identical 
constitution of the dry matter In explaimng it on the basis of dif- 

ferences in structure 

^ or composition of the 

I ^ dry matter, assump- 

^ ^ — tions are unnecessary, 

I X for the sizes are known 

^ jT > ^ ® to be identical 

^ pjf - — The problem of sep- 

^ ^ \ arating the effect of 

I / from that of age 

I / Figure 5 may be ap- 

I / I proached also mathe- 

^ ^ ' j matically by using va- 

I nous methods of cor- 

^ I I recting for these two 

^ fuctors If such an 

/^ 77 S€ CP£^ C£//rj 1 -L 1 1 

approach be logical, 

Fir, LRF 7 —The relation m normal and diseased Perfection pea*? 
harvested at different dates, betw een dr^ matterand crushing load, hllcll uilt; ouiieoitJLl 
each being weighted according to the diameter of the peas e\- (‘■npves should S h O W 
pressed in millimeters When the effect of size is thus eliminated , . 

the diseased peas are softer than the normal on the basis of equal a p p r O X 1 m a t C 1 y tilC 

percentages of dnmatter same relations be- 

tween dry matter and crushing load as those in Figure 5 
Figure 7 represents an attempt to correct the crushing load and dry- 
matter content for size on the various harvest dates by weighting the 


2^ 2a 22 
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rir.LRF 7 —The relation m normal and diseased Perfection peas 
harvested at different dates, betw een dr^ matterand crushing load, 
each being weighted according to the diameter of the peas ex- 
pressed in millimeters When the effect of size is thus eliminated 
the diseased peas are softer than the normal on the basis of equal 
percentages of dr^ matter 


average for any partic- 
ular day according to 
the diameter of the 
pea size in millimeters 
In this way all deter- 
mma tions for each set 
of samples are reduced 
to one for each day 
Here again, it may be 
seen that the diseased 
peas are softer, dry 
matter for dry mat- 
ter, than the normal 
peas. 

Figure 8 represents 
an attempt to correct 
the crushing load and 
dry-matter content 
for age by averaging 
the crushing loads for 
any particular size for 



Sfjzy /5t^7-72£ve C^££. C£//rJ 


Figure 8 —The relation, in normal and diseased Perfection peas, 
between dry matter and crushing load as a\erages for all har\est 
dates When the effect of age is thus eliminated the diseased peas 
are softer than the normal on the bas’s of equal percentages of dry 
matter The small figures beside the points represent sieve size 
number 


all dates The small figures adjacent to the points show pea sizes 
In plotting this figure the same calculations were used as for plot- 
ting Figure 1, except that dry matter instead of size appears along 
the horizontal axis Figure 8 shows again that the diseased peas 




THE DISTRIBUTION OF VITAMIN B COMPLEX AND ITS 
COMPONENTS IN THE PEANUT ^ 


F W Sherwood, Associate in Animal Kutrition and J O Halverson, in 
ChargCj Animal Nutrition Research, Noith Carolina Agricultural Experiment 
Station 

INTRODUCTION 

The original object of the experimentation reported in this paper 
was to determine the distribution of vitamm B m the various parts of 
the peanut kernel At the time that the work was begun (1926) vita- 
min B, or water-soluble B, was quite generally considered to be a 
single substance, although several investigators had suggested its 
multiple nature Within the next two years, however, definite proof 
that it contained at least two nutritive essentials had been published, 
and methods for their detection had been developed (8) ^ Conse- 
quently the scope of this investigation was enlarged to include a 
study of the relative quantities of the antmeuritic vitamin B (Bi or F) 
and of the pellagra-preventmg vitamin G (B 2 ) piesent in whole raw- 
peanut kernels 

HISTORICAL REVIEW 

Ellis and McLeod (3, p 84S) state that Vedder and Clark found, in 
1912, that 10 g of peanuts per day protect fowls on a polished-rice 
diet against polyneuritis for at least 60 days These authors also 
state {3, p 215) that in 1918 Grieg recommended groundnut (peanut) 
meal biscuit as emergency rations for the Indian troops 

In 1918 Daniels and Loughlin (2) published evidence to show that 
a ration containing 75 per cent of roasted Spanish peanuts contamed 
sufficient water-soluble B for normal growth and reproduction of rats. 
They also found that 56 per cent of peanut meal in the ration furnished 
enough of this factor for their experimental ammals 

Recently Plimmer, Raymond, and Lowndes (7) have observed that 
pigeons suffered from polyneuritis when peanuts constituted 10 per 
cent of their ration Twenty per cent of peanuts was enough for 
maintenance, and with 40 per cent rearing of young was possible 
They conclude that peanuts have a relative vitamin B value of 20 
when yeast is rated at 100 They say (7, p 546) that this 

must at present be considered as the vitamin Bi+ vitamin B2 value, though the 
symptom of polyneuritis has been taken as far as possible as the criterion of the 
amount of vitamin 111 the foods 

DISTRIBUTION OF VITAMIN B COMPLEX IN THE PEANUT KERNEL 

PEANUT PRODUCTS USED 

Raw unshelled peanuts, together with blanched splits, hearts, and 
red skins from extra-large selected Virginia Runner peanuts were 
obtained from one of the large miUs 
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vitamin B complex free basal ration Each composite curve is derived 
from the behavior of from two to six, usually three, animals in a group. 
^U1 experimental rats on a given ration reacted in a rather uniform 
manner The details for each individual are omitted in order to 
conserve space 

The average daily feed intake of the rats on these rations shows 
that below a critical range in the percentage of peanut products in 
the ration the rats do not ingest sufficient vitamin B to affect their 
appetite to any great extent Within this range, however, an increase 
in the level of peanut product results m a much larger feed mtake, 



consequently the daily ingestion of the peanut product increases pro- 
portionately much more rapidly than the percentage in the ration. 

In order 'to control the daily intake of the peanut product another 
series of experiments was run in which definite amounts of the frac- 
tions were fed daily to individual rats 

Peanut Products Fed Separately 

The same technic as that outlmed above, when the peanuts were 
incorporated in the ration, was followed, except that the rats were 
separated at the end of the depletion period and kept in individual 
cages They were then given daily weighed quantities of the peanut 
products, together with the basal ration and distilled water ad libitum. 
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The process of commercial blanchmg consists essentially m heating 
the graded kernels m oil at about 300° F until the seed coats, or red 
skins, are loosened from the underlying tissues The heating is not 
sufficient to develop a brown color in the cotyledons The red skins 
and the hearts (plumules and hypocotyls) are removed mechanically 
from the splits or fleshy edible cotyledons 

Since each of these commercial products contained a small amount 
of the other parts of the nut, before being used the}^ were further 
separated by hand 

Some of the shelled raw kernels were spread in thin layers in a warm 
room until the seed coats had dried sufficiently to be rubbed off 
easily These nuts were then divided by hand into raw splits, hearts, 
and red skins It was found that these kernels were composed of 
about 95 per cent splits, 2 3 per cent hearts, and 2 7 per cent red 
skins 

EXPERIMENTAL WORK 

Peanut Products Incorporated in the Ration 

Rats from the expermient-station stock colony, when 22 to 28 days 
old and weighing 35 to 50 g, were placed in cages having raised screen 
floors and weie given the basal vitamm B free ration (Table 1) and 
distilled water ad libitum for 10 to 20 days, until they had ceased 
growing The lot 'svas then given a ration which contained a defimte 
amount of one of the peanut products One lot of rats which received 
20 per cent of shelled raw peanuts w^as given the ration without having 
had the preliminary depletion period Records w'ere kept of the 
approxmiate daily feed mtake of each lot 

Table 1 — Composition of basal laiions 19S and 196 and of supplementary ration 
197 used in uoik on vitamin B complex 


Ingredient 

' Composition of 1 
1 ration No — j 

1 Ingredient 

Composition of 
ration No — 

' 195 

jl96! 197 

195 

196 

197 


Per 

PeT\ Per 


Per 

Per 

Per 


cent 

cent cent | 


cent 

cent 

cent 

Punfied casein « 

IS 0 

9 I 

Osborne and Mendel’s salt mixture, 

4 0 

4 

lb 

Meat residue*’ 


12 ( 4S ' 

Agar-agar . 

2 0 

2 

8 

Punfied starch 

61 0 

- J- . 1 

Hxdrogenated vegetable fat 

15 0 

9 


Washed starch, 


5b - - ! 

Cod-lixei oiL , _ 

«0 15 

6 

' 28 



I I 






® A nearlr colorless powder free from \ itamms A, B, and G, prepared according to the method given m 
N C Agr Expt Sta Tech Bui 39 ( i, p U^) 

^ From a meat juice eompan\ 

' 0 15 g per rat per daj 


The energy value of all of the expermiental rations was approxi- 
mately equal These rations contained meat residue, 12 per cent, 
Osborne and Mendel salt mixture, 4 per cent; agar-agai, 2 per cent; 
and cod-liver oil, 4 per cent The remaindei consisted of the desired 
amount of peanut product, enough vegetable fat to make a total fat 
content of 25 per cent, and starch to make 100 per cent The ration 
contaming 50 per cent of blanched splits was an exception in that it 
contamed 29 7 per cent of fat without the addition of a vegetable fat 
Figure 1 show^s graphically the composite growth response obtained 
when these rations were fed to rats which had ceased growing on the 
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what poorer growth even though the average daily intake of this 
peanut product was 2 3 g per rat The red skins seemed to be very 
unpalatable The failure of the rats to respond to the larger amounts 
of red skins m the ration is possibly due to the deleterious effect of 
the tannins or other astringents present Cajon [1) has shown 
that the presence of tannins in pecan diets is a limiting factor for the 
growth of rats when pecan nuts furnished the sole source of protein 
in the rations 

The larger part of the work with peanut products incorporated in 
the ration was completed in the early part of the summer of 1927 
The following spring, after the peanut products had become somewhat 
rancid, the work with the rations containing 20 per cent of blanched 
red skins, 20 per cent of blanched splits, and 20 per cent of raw splits 
was repeated In each case the growth response of the rats was dis- 



FKrURE 2 —Composite gams of rats when receh xng dailj weighed quantities of peanut products as 
the sole source of the vitamm B eomple’c In the cun’e designations the figures refer to grams 
of the peanut fraction fed daily, and the letters ha\e the following meanings RP, shelled raw 
peanuts, RS, raw splits, RH,raw hearts, RR, raw red skins, BS, blanched splits, BH, blanched 
hearts, BR, blanched red skins, and Y, dried brewers’ yeast The composition of the basal 
rations (Nos 195 and 196) isgnen in Table 1 and discussed m the text 


tmctly inferior to that obtained the precedmg yeai (fig 1), although 
the average daily feed intake was approximately the same. This 
indicates that the vitamin B complex was partially destioyed by 
storage at room temperature and that the rancidity did not affect the 
palatability of the rations to any marked extent 

The data (figs 1 and 2) show that while the vitamin B complex 
is distributed throughout all parts of the peanut kernel, the raw red 
skins contain distinctly more of these factors than do the other parts. 
The raw hearts and raw splits apparently are about equally rich in 
these essentials 

Each of the blanched products contains somewhat less vitamin B 
complex than the correspondmg raw product This is particularly 
evident in the red slans but less so in the hearts and splits The 
heating during the blanching process apparently destroys a large ppt 
of the thermolable antmeuntic vitamin in the thin exposed red skins 
but does not affect that in the body of the kernel to so great an extent 
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Basal ration 195, used in the earlier part of this work, is very similar 
to those used for this type of work It was found by expeiiment to 
be free from the vitamin B complex Later, after careful preliminary” 
experiments, basal ration 196 was substituted in order to reduce the 
time and expense incurred in the elaborate purification of the casein 
and starch (Table 1 ) 

Osboine, Wakeman, and Ferry {6) and Sherman and MacArthur 
(10) have shown that commercial cornstaich does not contain the 
vitamin B complex* This observation has been confirmed in respect 
to the particular brand of starch used here, but as a precaution the 
raw starch was suspended in water and strained through a double layer 
of cheesecloth After the starch had settled overnight, the water was 
decanted, and the starch was spread out m shallow pans and dried at 
room temperatuie This material is designated as washed starch 

The meat residue used in ration 196 is a dry granular by-product 
from the commercial manufacture of beef extract It contains ap- 
proximately 80 per cent protein (NX 6 25) and 10 per cent fat, and is 
apparently free from the antineuritic vitamin and possibly vitamin G 

In the gi eater part of the work rations 195 and 196 were relied upon 
to furnish all needed nutritive essentials for grow'th except the vitamin 
B complex It was feared that at times the rats might not eat enough 
of ration 196 to supply their minimum needs, so 0 25 g of ration 197 was 
fed daily with the peanut product (Table 1), the basal ration being 
withheld until all of the supplements were eaten This procedure 
insured the consumption of at least 70 mg of cod-liver oil and 40 mg 
of the salt mixture each day This method of feeding was discontin- 
ued aftei a short time, since there was no apparent benefit from it 

Before being fed, all peanut products, except red skins, were ground 
in a meat chopper, care bemg taken to avoid crushing them to the 
consistency of a paste The red skms were finely ground in a Wiley 
mill 

Composite gams of the animals obtained when definite quantities 
of the raw and blanched fractions were fed daily are shown graphically 
in Figure 2 For the sake of brevity the details for each rat are not 
given The curves are each the composite of three to five individually 
fed rats which reacted rather umformly 

It was necessary to mix the unpalatable red skms with as much 
of the basal ration as would be consumed m a day in order to get the 
rats to eat them The other fractions of the peanut kernel were 
eaten greedily 

DISCUSSION OF RESULTS 

Figure 1 shows that neither 10 pei cent of raw splits, blanched 
splits, nor blanched hearts stimulated growth in the rats When, 
however, the amount of raw or blanched splits was doubled (that is, 
increased to 20 per cent) the rats responded promptly and made good 
growth Because of their improved appetite these rats ate approxi- 
mately four times as much of the splits as those receiving 10 per cent 
in their ration. 

A ration containing 20 per cent of blanched hearts was only slightly 
superior to the one containing 10 per cent; but when the level was 
increased to 30 per cent, good growth resulted. 

The rats receiving 20 per cent of blanched red skins made moder- 
ate growth Increasing the red skins to 50 per cent resulted m some- 
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EXPERIMENTAL RESULTS 
Controls 

^ In all, 68 rats were used as controls and in determining the suita- 
bility of the autoclaved yeast and of the extract of rice polish as 



Figure 4 — 'Composite gams of control rats (A) receiving the pol^^meuritie ration No 225, with- 
out supplements, or 'with daily definite quantities of autoclaved yeast (AY), e\tract of nee 
polish (ERP), or dried bre\!vers’ yeast (DBY), B and C, composite gams of e\perimental 
animals receivmg daily ration No 225 'with definite quantities of raw shelled peanuts (RP) 
with and without 0 3 g autoela\ ed yeast and 2 drops of extract of nee polish The dotted 
portion of the curves indicates that one or more of the rats had died 

sources of vitamins G and B, respectively, and also the quantities 
that it is necessary to use for this purpose The prmcipal results 
are given in Table 3, and curves of composite gains are shown m 
Figures 3 and 4 
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The hearts, being small and partially exposed at the end of the nut, 
are affected slightly more than the splits, but much less than are the 
red skins 

RELATIVE QUANTITIES OF THE ANTINEURITIC AND THE PEL- 
LAGRA-PREVENTING VITAMINS IN RAW SHELLED PEANUTS 

METHOD 

The general method of Hunt and Krauss (5) was adopted as being 
suitable for this work, except that dried brewers^ yeast which had 
been autoclaved at 20 pounds pressure for 4 hours was used as the 
source of the antipellagra vitamin (Sherman and Axtmayer {9) ) 
These investigators used the two basal rations shown m Table 2. 
One of these, the polyneuritic ration, 225, is devoid of both compo- 
nents of the vitamin B complex The other, 223, contains the anti- 
neuritic fraction and small amounts of vitamin G During the 




Figure 3 —Composite gains of rats receiving the pellagra-producing ration No 223 w ithout supple- 
ments, with definite quantities of autocla\ed yeast (AY), or extract of rice polish (ERP) or 
with raxx shelled peanuts (RP) fed dailj A, Controls, B, animals fed peanuts 

course of this work it was found that the polyneuritic ration supple- 
mented with an extract of nee polish was moie satisfactory than the 
pellagra-producing ration for detecting the presence of vitamin G, 
because of the small but appreciable amount of this vitamin fur- 
mshed by the wheat m the latter ration The extract of rice polish 
was prepared m this laboratory according to the method described 
by Wells (11) for the pieparation of tikitiki^ 


Table 2 — Composition of hasal rations used in work on the antineiintic and 
pellagra-preveniitw vitamins 


Ingredient 

1 Pellagra- 
' producing 
ration 
No 223 

Poh- ' 
neuritic 
ration 
No 225 1 

Ingredient 

Pellagra- 
pro duemg 
r ation 
No 223 

Polv- 
neuritic 
ration 
No 225 

Purified casein-- 

Percent 

18 i 

i 25 1 

41 

4 i 

1 

1 Percent i; 
! 18 

64 

Agar-agar 

Per cent 

Per cent 

2 

10 

2 

Wheat 

Washed starch 

McCollum’s salts mixture l8o. 

Hydrogenated vegetable fat . 
Cod-liver oil 

10 

1 2 


3 Tikitikl IS a concentrated extract of rice polish which is prepared and distributed by the Philippine 
Public Health Service for the prevention of beriberi 
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These control tests of the rations and of technic show that although 
^roung rats usually die within 30 days when given the polyneuritic 
ration only, a daily supplement of 1 drop of the extract of rice polish 
enables them to survive at least 80 days However, they do not 
grow, and incipient symptoms of pellagra^ develop within 50 to 70 
days "^^Tien the dosage of extract of rice polish is increased to 5 
or more drops slight growth results, indicating that this supplement 
may contain very small amounts of vitamin G, but that 2 drops 
daily does not furmsh a sufficient quantity to be of any consequence. 

The results also show that the autoclaved yeast contams only 
minute quantities of vitamin B When the polyneuritic basal ration 
IS supplemented with 2 drops of extract of rice polish and 0 3 g auto- 
claved yeast daily the rats are able to grow at the rate of approxi- 
mately 1 g per day and maintam their health throughout the experi- 
mental period 

Rats Fed Peaxuts 

When tests for the presence of the antineuritic and antipellagia 
vitamins were made on rats fed shelled raw peanuts, the results 
shown in Table 4 and Figures 3 and 4 were obtained Extra-large 
peanuts of the Virginia Runner variety were used These were 
obtained from a different mill from the one wffiich supplied the 
blanched-peanut products used m the earlier wmrk on the vitamin B 
complex 

Table 4 — Effect of shelled raw peanuts on the growth of young rats receiving the 
polyneuritic basal ration alone, and supplemented either with autoclaved yeast or 
extract of rice polish, and their effect on the growth of rats receiving the pellagra- 
producing basal ration 


POLYNEUKITIC BASAL RATION NO 225 WUTH NO ADDITIONAL SUPPLEMENTS 


Rat No and sex 

Age at start 

Weight at start 

Quantity of raw pea- 
nuts fed dailj 

Maximum weight at- 
tained 

Time After start when 
maximum weight 
w as attained 

Duration of test period 

Weight at end of test 
period 

Axeraue (iiiantitv of 
basal ration eaten 
daily 

Average gam or loss m 
weight per day 

Pellagra symptoms 

Remarks 


Days 

Grams 

Grams 

Grams 

Days 

Days 

Grams 

Grams 

Grams 



2401 9 ! 

26 

48 

] 

52 

8 

38 

34 

3 4 

-0 37 

— 

Died 

2402 cf— ' 

24 

50 

0 10 

58 

6 


34 

3 9 

- 30 

— 

Do 

2403 9 

26 

34 


, 36 

2 

69 

24 

2 8 

- 15 

— 

Do 

2098 9 

23 

44 

] 

64 

54 

83 

60 

4 0 

19 

—■ 


2145 d' - 

24 

50 

\ 30 

64 

28 

70 

58 

3 2 

11 

— 


2146 9 

24 

46 

1 

. 72 

53 

70 

64 

3 3 

26 

— 


2039 d - 

21 

48 

1 

92 

60 

60 

92 

4 3 

73 

— 


2040 d 

22 

46 

V 50 

68 

44 

60 

68 

3 7 

.37 

— 


2099 d 

23 

52 

1 

104 

80 

83 

98 

4 7 

55 

— 


2041 9 

22 

46 

1 

68 

60 

60 

68 

4 0 

.37 

— 


2042 d 

25 

42 

\ 75 

86 

56 

60 

56 

4 5 

{ 23 

— 


2100 cf’ 

23 

50 


118 

83 

S3 

118 

4 8 

82 

1 




< The terra ‘'pellagra" is used to denote ^ntamm G avitaminosis It does not necessarily imply a condi- 
tion identical with pellagra m man The extreme conditions described in the literature have not been 
encountered in this work The most frequent symptoms have been emaciation and ophthalmia Sores 
at the corners of the mouth and considerable loss of hair have been fairly frequent A mild dermatitis 
has developed occasionally, and diarrhea has been noted m a few instances 
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T\ble 3 — Effect of autoclaved yeast and extract of nee polish as supplements to 
the pellagra-producing and the polyneuritic basal rations when fed to contwls 


PELLAGRA-PRODrClNG RATION NO 223 'WITH NO SUPPLEMENT 


tic 

s a 

s 

a 

sS 

.s; tx 

" S s 

si3 

*3 ~ * 
^ ^ ^ 

3SS 

1 

Duration of test peiiod 

■tS 

0 

= & 

1 

i ^ : 

si o 

111 

s 

tr 

SS > 

X a 

u'C 

W P 

S a 

&5P 

a 

> 

< 

Pellagra symptoms 

1 

Grams' Days 

Days 

i 

Gramsi Grams 

Grams 


64 

64 

64 

64 

_ 

0 28 

— 

54 

12 

64 

44 


- 03 


58 

9 

46 

46 


- 04 

+ 

60 

42 

46 

6^ 


35 

+ 

74 

46 

46 

74 


65 



Rat No 
and sti\ 


5 ! 

. 

Hi. I 

$ j 


t5 rt 
a 

S 

O’ 


Remarks 


1973 cf— . 
1975 9— . 

1981 cf--. 

1982 

1983 9-.., 


Days 

24 

24 

22 

22 

22 


Orams] 


46 ' 
46 1, 
48 ' 
44 I 
44 ' 


1 


PELLAGRA-PRODUCING RATION NO 223 WTTH AUTOCLAVED YEAST 


2090 c?' — 

2091 cf— 
2179 9 — 
2024 9 — 

' 23 ! 

23 1 
22 1 

24 I 

oO jl 

48 i432g 

42 l| 

44 0 0 g 

l| i 

' 122 I 
ll 130 1 

1 118 1 

SO 

so 

61 

48 

84 , 
84 ' 
63 i 
48 

) 

158 

118 

130 

118 

1 

' 7 5 

' 6 7 

1 7 8 

1 " 

I 1 28 

i 



PELL.AGRA-PRODUCING 

RATION NO 

223 WTTH EXTRACT OF RICE POLISH 

2212 9 — 

1 28 1 

50 1 

f 108 ; 

78 , 

83 1 

10^ 

70| 

70 

— 


2224 9- - 

28 

44 110 drops... 

94 

66 

76 

90 

6 5 ! 

61 

— 


2248 cf.... 

1 26 . 

1 

40 1 

1 102 

69 , 

1 

76 

100 

6 1 

i 

79 




POLYNEURITIC RATION NO 225 WITH NO SUPPLEJMENT 


2006 c?'--' 22 

2007 <f ... 22 ’ 

2008 9 — 1 23 . 

2009 9— 23 

2486 9 — 1 28 I 


48 

10 

28 

34 


- 38 


48 


20 

34 


- SI 


42 

0 

26 

28 


- 54 


40 

12 

26 

28 


- 38 


52 

9 

47 

32 

3 8 

1 - 34 

i 


Died, spasms 
Experiment dis- 
continued 
Died, spasms 
Experiment dis- 
continued 
Died, spasms 


POLYNEURITIC RATION NO 225 WITH AUTOCLAVED YEAST 


Died, spasiiis 
Eiperiment dis- 
continued, 
spastic 
Died, spafaiiis 
Died 
Do 

FAperimont dis- 
continued 


POLYNEURITIC RATION NO 225 WTTH EXTRACT OP RICE POLISH 


2214 9 — 

.1 26 

48 

1] 

62 

50 

! 83 

54 

4 0 

07 

~h 

2217 cf.... 

26 

I 44 

![l drop .... 

58 

41 

77 

48 , 

4 3 

05 


2250 9.... 

23 

42 , 

56 

34 

76 

40 j 

4 3 

- 03 

~t“ 

2216 9 — 

26 : 

50 

'1 

78 

27 

83 1 

68 

4 8 

22 1 

+• 

2219 9 — - 

,, 26 

1 44 1 

j>5 drops 

74 

41 

' 77 

64 

4 9 

26 

4 . 

2252 cf.,.. 

■ 22 

40 1 

82 

45 

76 j 

80 

5 2 

53 

+ 


2025 c?— 

! 

24 

1 ; 

48 ' 

1 ‘1 

1 62 

10 

1 32 

38 

3 6 

- 31 

: 

2071 cf>.... 

22 

40 

03 g.. .... 

52 

15 

45 

36 

2 9 

- 09 

— 

2072 c?.— 

22 

42 

I iJ 

1 56 

15 

43 

36 

3 3 

- H 


2028 cf — . 

24 

40 

1 ll 

48 

10 

45 

40 

2 3 

00 

— • 

2094 cf.... 

23 

42 


76 

24 

43 

44 ; 

3 9 

05 

— 

2149 9 — 

1 25 

! 

46 

1 ll 

1 

70 

36 

69 

70 

2 5 

3') 



POLYNEURITIC RATION NO 225 WTTH 03 0 \UTOCLAVED YE \ST AND 2 DROPS 
EXTRACT OF RICE POLISH D VILY 


2525 d’— ' 

26 

1 42 1 

154 

1 90 

90 

154 

) 5 0 

1 24 - 

2586 9 — j 

25 

•’^i- i 

150 1 

1 69 

96 

150 

{ 34 

98 - 


POLYNEURITIC RATION NO 225 WITH DRIED BREW^EKS' "iKAST 


2031 cf— ! 

24 

52 ll 

110 

30 

33 

108 

() 0 

1 m 


2032 cf—l 

24 

52 0 23 g 

108 

33 

33 

108 

6 6 

1 t)9 


2033 <f . ..j 

24 

44 jl 

110 

33 

33 

no 


2 00 

— 
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than they did when the pellagra-producing basal ration containing 
25 per cent of whole wheat was used This indicates that the wheat 
in ration 223 (Table 2) contained enough vitamin G to interfere with 
the detection of the small amount of this factor in the peanuts. 

It IS recognized that vitamin B complex probably contains more 
than the two fractions (B and G) discussed here and that more 
definite knowledge concerning these other factors may necessitate a 
modification in the methods or a reinterpretation of the results. The 
conclusions expressed here are justified, however, unless it shall be 
proven that a seiious error is introduced by the absence of one or 
more of these little-known substances from the peanuts or the basal 
ration or by their presence in the autoclaved yeast or in the extract 
of rice polish 

SUMMARY 

Commercially blanched peanut splits (cotyledons), hearts (plumules 
and hypocotyls), and red skins (seed coats), and the corresponding 
raw products from selected Virginia Runner peanuts were tested for 
the presence of vitamin B complex by a method which does not 
differentiate between the components, but in general favors the de- 
tection of the antmeiiritic fraction 

The raw red skins were found to contain the highest concentration 
of vitamm B complex, but there are appreciable quantities present 
in the hearts and the splits 

The process of commercial blanchmg (heating in oil for a short 
time at approximately 300° F ) destroys a large part of the vitamin 
present in the outer exposed red skins but does not have so marked 
an effect on that in the hearts and splits 

When shelled raw kernels were tested for the presence of the com- 
ponents of vitamin B complex it was found that they contain rela- 
tively much larger amounts of the antmeuritic fraction than of the 
pellagra-preventing vitamin G 
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T 4 BLE 4 — Effect of shelled mw peanuts on the growth of young lats leceivinq the 
polyriewitic basal ration alone^ and supplemented either luith autoclaved ijeast or 
extract of nee polish^ and their effect on the growth of rats receiving the pellagia’ 
producing basal ration — Continued 

POLYNEURITIC BASA.L RATION NO 225 WITH 0 30 GRAM AUTOCLAVED YEAST PER 

RAT PER DAY 


Rat Is 0 and sex 

Age at start 

Weight at start 

Quantity of raw pea- 
nuts fed daily 

Mavimum weight at- 
tained 

Time after start when 
maximum weiglit 
was attorned 

Duration of test period 

Weight at end of test 
period 

Average quantity of 
basal ration eaten 
daily 

Average gain or loss in 
weight per day 

Pellagra symptoms 

Remarks 


Days 

Grams 

Grams 

Grams 

Days 

Days 

Grams 

Grams 

Grams 



2404 9.._ 

, 26 

44 

] 

( 64 

17 

52 

38 

3 8 

-0 12 

_ 

Died 

2405 9 

24 

46 

> 0 10 

\ 68 

27 

86 

64 

3 9 

21 

— 


2406 cf- - - 

i 26 

40 

1 

1 64 

22 

87 

60 

3 6 

23 

— 


2181 c? - 

' 22 

42 

] 

f 86 

47 

60 

78 

4 3 


— 


2184 9- - 

22 

46 

80 

■i 110 

60 

62 

106 

4 9 

97 

— • 


2100 cf’—- 

' 23 

44 

1 

[ 00 

56 

61 

90 

4 3 

76 

— 


2182 9- 

22 

38 


1 112 

49 

60 

112 

5 4 

1 23 

— 


2185 o”— - 

22 

46 

! 50 

124 

60 

62 

122 

4 0 

1 22 

— 


2191 9 

! 23 

44 

( 

1 US 

59 

61 

116 

5 6 

1 18 

— 


2183 9- 

, 22 

1 34 

1 

1 128 

61 

63 

126 

5 4 

1 46 

— 


2186 o’. 

■ 22 

46 

[ 75 

•! 146 

60 

62 

142 

5 9 

1 55 

— 


2192 9 

23 

1 

36 

1 

1 120 

56 

61 

116 

5 6 

1 31 




POLYNEURITIC BASAL RATION NO 225 \VITH 2 DROPS OF AN EXTRACT OF RICE 
POLISH « PER RAT A DAY 


2410 cf 

24 ' 



f 82 1 69 1 

1 

78 ' 

74 

4 4 

0 36 

+ 


2411 


40 1 

0 30 

i 52 1 24 

78 ' 

44 

3 7 

05 

+ 


2412 9 

' 24 1 

48 1 


t 56 1 6 

78 1 

44 

3 9 

- 06 

+ 


2407 9 

24 , 

44 ,1 


( 76 i 83 

87j 

80 

4 8 

41 



2408 cf’ 

1 26 

44 i 

■ 50 

{ 60 1 45 

87 ' 

56 

3 8 

14 

+ 


2409 9 

' 26 1 

34 '] 


1 64 1 76 

87 1 

62 

3 9 

32 

+ 


2413 cf 

24 ' 

48 '1 

i 7*1 

/ 66 1 39 

78 

56 

3 9 

10 

+ 


2414 9 

1 

42 'J 

f 

1 66 1 74 1 

78 

62 

4 7 

26 i 




PELLAGRA-PRODUCING BASAL RATION NO 223 VMTH NO ADDITIONAL 
SUPPLEMENTS 


2101 9 

24 ; 

48 


108 

80 

84 

108 

6 5 

0 72 



3136 cf 

24 1 

48 

0 30 

80 

14 

70 

72 

4 0 

34 



2137 9 

24 ' 

36 


78 

32 

70 

72 

4 0 

51 

— 


2102 9 

24 , 

52 


124 

SO 

84 

122 

7 2 

83 

— 


2138 9 

24 

44 

■ 50 

74 

60 

70 

72 

3 2 

40 

— 


2139 cf - 

24 ' 

48 


, 86 

63 

70 

84 

4 4 

51 



2103 9 

24 , 

52 


no 

77 

84 

110 

5 5 

69 



2140 cf 

24 

46 

■ 75 

96 

63 

70 

90 

4 7 

63 

— 


2141 9 

24 1 

42 


74 1 

26 : 

70 

68 

3 6 

37 

~ 



One drop of extract of nee polish weighed on an average of 64 mg 


DISCUSSION OF RESULTS 

The results presented in Table 4 and Figure 4 show that the anti- 
neuntic vitainin contained in an extract of rice polish does not ade- 
quately supplement raw peanuts in inducing growth in young rats 
leceiving a basal ration which is free from vitamin B complex When, 
however, autoclaved yeast is substituted for the extract of rice polish 
the rats are able to make much greater gains in weight It is thus 
seen that peanuts are relatively much richer m the antineuritic than 
in the pellagra-preventing fraction of vitamin B complex 

The rats made smaller gams when the peanuts were fed with the 
polyneuritic basal ration supplemented with an extract of rice polish 
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DEVELOPMENT OF CERTAIN STORAGE AND TRANSIT 
DISEASES OF CARROT ‘ 

By J I Lauritzen 

Senior Physiologist, Division of Siigai Plant Investigations, Bureau of Plant 
Industry, United States Depaitment of Agriculture - 

INTRODUCTION 

This paper deals m the mam \nth four diseases of carrot {Daucus 
carota L ), namely, Sclerotmia soft rot (Sclerotima scleroUorum (Lib ) 
DBy),*^ Rhizopiis soft rot {Rhizopiifi trihci Saito and 7?. mgncans 
Ehrenb ), bacterial soft rot (Bacillus caiotovorus L E Jones J, and 
Botrytis rot (Botrytis cinerea Pers ) 

No caiefiil survey of the losses occasioned by these diseases m 
commercial stoiage has heretofore been reported As judged by 
the reports of various workers and storage men, however, the losses 
are sometimes laige, especially m cases of Sclerotima soft rot and 
bacterial soft rot Data are presented herein showing the losses 
due to a number of diseases under a variety of storage conditions. 

Some idea of the losses caused by these diseases, incident to the 
shipment of topped carrots to market, may be obtained from Table 
1 The data shown in this table were obtamed from market-inspec- 
tion certificates issued by the Bureau of Agricultural Economics, 
United States Department of Agriculture The inspections upon 
which these certificates were based were made m response to a request 
from one of the parties interested — shippers, carriers, or receivers — 
and as a result of some question as to condition and grade The 
certificates repiesent the total number of cars of topped carrots 
inspected from 1922 to 1927, inclusive The distances covered in 
the shipment of these carrots ranged from a few miles to many hundred. 

The 214 cars inspected represent only about 1 per cent of the 22,195 
cars shipped during the same period Although these shipments 
include both topped and untopped carrots, the percentage of topped 
caxTots inspected is probably very small The number of cars 
inspected is, of course, too small to give an adequate notion of the 
losses m the total shipment of carrots during this period. Since, 
however, the inspections were made over a period of years, some idea 
may be obtained of the occurrence and the relative importance of 
the several diseases 


1 Kocoiveci for publication Oct U, 1931, issued Juh, 1932 ^.r a ^ rr a 

2 FormcrU pathologist, Unision of Horticultural Crops and Diseases, Bureau of Plant Industry, U S 

^i^he^sual citation for this combination is (Lib ) Mass , bnt Miss Edith K Cash, of the Bmeau of 
Plant Industry, has found by searching the literature that apparently it was first used by De Bary in 
Vargleicheude Morphologie der Pilze, p 33, m 1884, 11 3 ears prior to Massee's use of it 
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APPARATUS AND EQUIPMENT 

Most of the work was conducted in infection chambers f^) ^ or m 
storage rooms 8 feet \\ude, 14 feet long, and 11 feet high The other 
equipment used is discussed in connection with the experiments m 
which it was employed 

MATERIALS 

PATHOGENES 

The pathogenes employed in the experiments were Ehizopus fritici 
isolated from sweetpotato (Ipomoea batatas (L ) Poir ), i? mgricans 
isolated from banana {Musa paradisiaca L ), Sclerotinia sclerohorum 
isolated from cabbage (Brassica oleracea L ), Botrytis cinerea isolated 
from carrot, and Bacillus carotovorus isolated from carrot 

HOSTS 

The Danvers Half Long variety of carrot was used in the mfection 
and storage experiments and in the temperature experiments that 
had as their object the determination of the cardinal temperatures 
for infection and decay The following IS varieties, with the excep- 
tions noted in the text, were employed m the varietal-susceptibility 
tests and in some of the storage experiments: Blanche a collet vert 
(hors terre), Blanche lisse demi-longue, Carter Early Market, Carter 
Long Forcing, Carter Nantes, Carter Red Elephant, Carter Scarlet 
Perfection, Carter Summer Favorite, Danvei's Half Long, Rouge 
demi-longue de Danvers, Jaune obtuse du Doubs, Rouge forcer 
Parisienne, Rouge demi-courte de Guerande, Rouge demi-longue 
d'Amsterdam, Rouge demi-longue de Chantenay, Rouge demi-longue 
Nantaise, Rouge demi-longue de Saint James, and Rouge longue de 
Saint Valery The carrots were grown at the Arlmgton Experiment 
Farm, Rosslyn, Va , and stored, except when otherwise stated, at a 
temperature fluctuating between 0® and 2° C 

SOURCES OF CONTAMINATION AND INFECTION 

Sclerotima soft rot differs from Rhizopus soft rot, bacterial soft rot, 
and Botrytis rot in the fact that its occurrence in storage depends 
upon field contamination and infection This disease is common on 
carrots and a large number of other vegetable crops m the field If 
the storage house has not been contaimnated by the previous storage 
of vegetables affected with this disease, uncontaminated or unmfected 
roots from the field will not become infected by S sclerotiorum 

Harvested carrots apparently are always contaminated with forms 
of Rhizopus, Bacillus carotovorus ^ and Botrytis cinerea, for infection 
by these pathogenes takes place whenever the roots are stored at 
certain temperatures and humidities The sources of contamination 
are probably both the field and the storage house. All three of these 
organisms readily grow and reproduce on most, if not all, dead vege- 
table matter and may be expected to occur whenever such vegetable 
matter is present Bacillus carotovorus frequently, and R. cinerea 
rarely, affect carrots in the field In such cases contamination is 
traceable to field infection. 


< Reference is made by number (italic) to Literature Cited, p 911 
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Table 1 — Losses in <^14 carloads of carrots^ due to foui storage diseases^ from 1922 

to 1927 


Dismo 


Rhizopus soft rot-, 
Sclerotinia soft rot. 
Bacterial soft rot.. 

Botr\ tis rot 

boft rot “ 


Cars in which in- 

Average percentage 
of decay based 
on the number 
of- 

fection occurred 

Cars in 
which 
infection 
occurred 

Cars in- 
spected 

Number 

33 

t'er cent 
15 4 

i 

1 

2 6 

79 

36 9 

17 

6 3 

32 

15 0 

8 

1 2 

28 

13 1 

22 

2 9 

15 

7 0 

8 

6 


« The disease listed under this name mT,\ ha^e been an\ one of the first three diseases 


In some of the cars only one of the four diseases was found; in others, 
two or more The average percentage of decay based on the 214 
cars IS suggestive of the total losses m carrot shipments. The aver- 
age percentage based on the number of cars m which disease occurred 
gives a better picture of individual losses The fact that these per- 
centages ai’e averages indicates that the mdividual losses varied, 
sometimes reaching 75 to 100 per cent This unequal distribution 
of losses is a hopeful sign The fact that there was no decay^ in many 
cars and slight decay in many others suggests that m these instances 
the factors favorable to decay were either ehminated or under partial 
control and that, if the same factors had been controlled or removed 
in these instances m which the losses w^ere heavy, the total as well as 
the mdividual losses would have been smaller 

The data (Table 1) show that the greatest losses were caused by 
Sclerotinia soft rot, that those caused by Ehizopus soft rot and by 
Botrytis rot were about equal, and that those caused by bacterial soft 
rot were the smallest 

Many of the carrots had been stored before they were shipped and 
probably there were some losses due to decay In preparing carrots 
for market it is the usual practice to sort out decayed roots Losses 
resulting from sortmg must therefore be added to those incurred 
during transit in computing total losses 

The data set forth herein are based on investigations that had as 
their object: (1) To make a survey of the diseases that noiunally 
affect carrots under a variety of storage conditions, (2) to determine 
the losses due to these diseases under different conditions of storage, 
(3) to determine the influence of temperature on the growth of 
some of the pathogenes in culture media, (4) to study the influence of 
such factors as temperature, wounds, the presence or absence of 
organic matter, and the method of infection upon the decay of carrots 
by the four diseases mentioned above, (5) to test the susceptibility of 
IS varieties of carrots to these diseases, and (6) to determine the 
conditions most favorable for the storage of carrots 
The work was done at the Arlington Experiment Farm, Rosslyn, 
Va , from 1920 to 1929, inclusive. 
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The results m Table 2 show that the unbroken skin of the carrot, 
it not a perfect barrier, is effective in preventing the entrance of this 
fungus If the skin of the carrot root were continuous and uniform 
throughout, it would effectively limit the amount of decay caused by 
this pathogene Unfortunately infection may leadily occm at the 
openings ot the tissue associated with the origin of the secondary 
roots and at the wounds that invariably result from handling in con- 
nection with the harvesting and stoiage of the crop 

Wounding and Infection 

In an experiment conducted to measure the influence of wounding 
at different tempeiatures, the wounded and unwounded roots were 
inoculated by dipping them in a suspension of mycelium and agar m 
water The inoculum was prepared by squeezing carrot-agar cultures 
of Sclerotinia sderotiorum through cheesecloth into a quantity of 
water The wounding was accomplished by scraping off the skin of 
the roots, which gave a type of wound common in carrots, especially 
if roughly handled A quantity of wounded and unwounded caiiots 
were stored after inoculation at nine diffeient tempeiatuies Except 
at one temperature (8° C,)j the percentage of infection was larger 
in the wounded than m the unwounded roots (Table 3 ) Taking 
the results collectively at the temperatures at which infection oc- 
curied, there was 12 per cent more infection m the wounded than in 
the unwounded roots (32 as compared with 20 per cent) These data, 
together with those m Table 2, show that wounding is a factor of some 
importance in the infection and decay of carrots by S sderotiorum 
Incidentally, the results at toinpeiatures 115° and 12 5° C (Table 3) 
indicate that the relative humidity of the storage chamber may also 
influence the amount of infection Fresh wounding would have the 
efi'ect of increasing the humidity at the wounded surface 


Table 3 — Infeckon oj wounded and unwounded cairois stored in 1^-quart baskets 
and inoculated with Sclerotinia sderotiorum at vanous tempeiatures 











Uoots stoied 


liela- 


W ouuded i oots 

UnwounUed loots 

without treat- 

Tenipei atuie 
rc) 

tive 

humid 

ity 

Stoiage 
pei lod 








ItK 

mt 



Total 

Infect od 

Totiil 

Infected 

O'ctal 

Infected 


Per vent 

Days 

Numbei 

Numbei 

Per cent 

Number 

Numbei 

Per cent 

Number 

Per cent 

33 

91 

20 

(“) 

307 


CO 

0 

\ CO 

84 

('0 

0 

('*) 

0 

C«) 

80 

CO 

0 

2(i 5 

91 

93 

20 

24 

20 

160 

18 

11 

84 

2 

2 4 

84 

0 

19 1 

95 

95 

20 

107 

28 

26 

84 

15 

18 

no 

0 

18 i 

20 

‘K) 

40 

51 

109 

26 

24 

117 

0 

12 5 

90 

40 

101 

09 

()8 

75 

20 

27 

99 

0 

U 5 

9() 

40 

121 

81 

67 

100 

61 

58 

89 

y 

8 

9i) 

40 

109 

7 

6 

88 

10 

11 

103 

0 


96 

40 

103 

6 

6 

110 

0 

0 

91 

0 

3~5 - 

92 

40 

97 

0 

0 

104 

0 

0 

82 

0 





Total 6 



791 

255 

32 

056 

i 

334 

20 

693 

0 

1 


j 



« All roots stored at 33® ('' were decayed by Rhizopus 
Totals obtained from the figures at the temperatures at which infection oeeuried. 
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EXPERIMENTAL DATA 

SCLEROTINIA SOFT ROT 
The Pathogexe 

Ramsey {12, 13) has shown that four species of Sclerotima may 
cause decay of carrots under experimental conditions, namely, S 
sclerotio7^U7n, S ^intermedia Ramsej", S minor dagger, and S ncini 
Godfrey He states that, of a large number of isolations made from 
vegetable products on the Chicago market during four years, more 
than 90 per cent yielded S sclerotiorum He reports having isolated 
S intermedia from cairot only on two occasions {12, 18) So far as 
the writer is awaie, S minor and S ncim have not been reported 
as normally causing decay of carrots S sclerotiorum, therefore, is 
probably the principal species causmg decay of carrots 

Method of Infection 

Boyle {!) asserts in his work on the ^Scarlet Runner bean (Phaseolus 
coccineu^ Jacq ) and broadbean {Vicia faha L ) that Sclerotima 
sclerotiorum obtains entrance to the host tissue by mechanical pressure 
and that it has the ability to penetrate the cuticle as well as the sub- 
cuticulai layers He did" not, however, test such tissues as those in 
the roots of carrots In the present experiments no effort was made 
to deternune the method by which the pathogene gains entrance to 
the cells of the carrot, but two experiments (Table 2) were conducted 
to determme whether there is a normal barrier to the entiance of the 
fungus into the host tissue 

In these experiments glass tubes 5 mm in diameter and 10 mm long 
were sealed over fresh wounds, old wounds, areas where secondary 
rootlets emerge from the primary roots, and the uninjured skin 
The tubes were then filled, in the first experiment with sweetpotato 
decoction, and in the second with carrot decoction, and bits of the 
mycelium of Sclerotima sclerotiorum were introduced into each tube 
The fresh wounds were made by cutting off a slice of tissue from the 
roots with a sharp knife The old wounds consisted of areas where 
the slon had been rubbed or scratched off in the process of harvesting 
and storing The roots had been in storage a little over four months 
in each case When the roots were to be inoculated over the unin- 
jured slan considerable care was exercised to select areas free from 
injury After inoculation the roots were stoied at 15° C , for 22 days 
in the first expeiiment and for 42 days in the second experiment 

Table 2 — InfecHon of car70ts inoculated with Scleiotima sclerohoiinn over fresh 
wounds, old wounds, rootlets, and the unhoken skin, and held at a temveiature 
of 15^ C 



Storage period 

Roots 

used 



Inoculation over— 

Experi- 
ment 1“ 

Experi- 
ment 2^ 

Roots infected 

Fresh wounds 

Days 

22 

22 

22 

22 

Days 

42 

42 

42 

42 

Number \ 
12 
12 
13 
23 

Number 

10 

10 

Per cert 
83 
83 

Old wounds 

Rootlets 

Unbroken skin 

0 

0 



« The inoeuluin consisted of bits of the mycelium of S sclerotiorum m sweetpotato decoction 
The inoculum consisted of bits of the mycelium of S sclerotiorum in carrot decoction. 
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The results recorded m Table 5 were obtained from an experiment in 
which bits of sclerotia were used as the inoculum The roots were 
thoroughly washed, a small piece of sclerotmm (about 0 5 mm thick 
by 1 mm square) was inserted in the thickest diameter of each, and 
the roots were stored at the various temperatures in wire baskets 12 
inches in diameter and 12 inches deep 


Table 5 — Influence of temperatme on infection and decay of canots t?ioculated 
with Scleiotinia scleroHorum 


[Bits of sclerotia about 0 5 mm thick by 1 mm square \mo used as inoculum] 


Tem- 

perature 

CO) 


32.. 

28.. 
25 5. 
23-. 
20 .. 
19 5. 
14-- 
12 .. 


stor- 

age 

period 

Boots 

used 

Roots infected 

Aver- 
age area 
of 

lesions 

Tem- 

perature 

rc) 

Stor- 

age 

peiiod 

Roots 

used 

Roots infected 

Avei- 

age 

area of 
lesions 

Days 

Number 

Number 

Per cent 

Mm^ 


Pays 

Number 

Number 

Per cent 


6 

30 

0 

0 

0 

10 

6 

31 

0 

0 

0 

6 

30 

22 

73 

223 

14 

11 

33 

32 

97 

295 

0 

33 

30 

91 

474 

12 

11 

34 

28 

82 

284 

6 

34 

28 

82 

541 

lO... 

11 

31 

20 

65 

58 

6 

33 

30 

91 

504 

5 

11 

31 

0 

0 

0 

6 

33 

32 

97 

463 

5. 

41 

31 

9 

29 

283 

6 

33 

16 

48 

35 

3 5 

41 

31 

2 

6 

1 6 

t) 

34 

8 

24 

11 








The highest temperature at which infection occiuTed m six days was 
28® C It IS not possible to hold carrots at temperatures above 28® 
except for a short period because of contamination and infection by 
other fungi Kamsey {13) ob tamed negative results when young 
carrot roots were inoculated with Sclerotinia sderotiorum and exposed 
to a temperature fluctuating between 31® and 33® and averaging 32® 
The maximum temperature for infection would therefore seem to be 
slightly lower than that for growth on culture media Maximum 
decay was obtained at a temperature of 23® (Table 5) , which corre- 
sponds closely to the optimum temperature (24°) for growth on carrot 
agai (Table 4.) The discrepancy of 1® may be accounted for by the 
different temperatures employed in the two cases ^ The rate of decay 
declined rapidly as the temperatui'e rose above or fell below 23® 

The lower temperature limit for infection has not been accurately 
determined, but it is sufficiently near the lower temperature limit for 
the storage of carrots to make its elimination by the manipulation of 
temperature impracticable, Ramsey {IS) has found that Sderotima 
sderotiorum will infect bean pods at a temperature of 0® C Infection 
of carrots with this fungus has been obtained at temperatures ranging 
from 0® to 1® (Table 7 ) Carrots can not be stored at temperatures 
much below 0® without danger of freezing, the freezing point being 
about —14® {15), 

If carrots contaminated with this pathogene ai’e stored, it is pos- 
sible to check^ the losses by holding the temperature near 0® 0., but 
it is not possible entirely to eliminate decay. The control of this 
disease should begin in the field 
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Influence op Temperatuee on Growth op the Pathogens on Culture 

Media 

The fungus was grown on carrot agar in 200-cc Eiienmeyer flasks 
The flasks were inoculated by mtroducmg into each, with a sterile 
needle, a small piece of agar containing mycelium from a pure culture 
About the same amount of moculum was used in each flask Ten 
flasks were mcubated at each temperature As each lot was inocu- 
lated the flasks were placed immediately at the various temperatures 
The surface area of the fungus colony was used as a measure of the 
amount of growth 

The highest temperatme at ’which Sclerotmia sclerotiorum was 
observed to glow was 32 5° C (Table 4 ) No growth took place in 
3 days at 35° This maximum temperature for growth corresponds 
closely with that obtamed by Ramsey (13) on potato-dextrose agar, 
where it gi^ew very slowly at 32° and 33° Alaxmium growth 
occurred at 24° after 3 days (Table 4 ) A slight amount of 
growth occurred at 0 9° m 22 days m 2 flasks out of 10 No obser- 
vations were made at temperatures below 0 9° Growth declined 
rapidly as the temperatoe rose above or fell below 24°. (Table 4 ) 


Table 4 — Influence of temperatuie on the growth of Scleiohma sclerottorum on 
carrot agar in Erlenmeyer flasks 


Temperature 
r C) 

Period of 
exposure 

Colonies 

measured 

Average 
area of 
colonies 

Temperature 
(° C) 

Period of 
exposure 

Colonies 

measured 

Average 
area of 
colonies 

35 

Days 

3 

Number 

0 

(*>) 

10 

a 

0 

12 

Days 

3 

Number 

0 

JV/7K2 a 

0 

32 5 

3 


12 

10 

9 

(«) 

2, 04b 

30 

3 

' i, 6i7 

7 5 

1 10 

26 5 

3 

i 10 

2,442 

3,064 

2,430 

1,697 

773 

5 5 

10 

0 

0 

24 

3 

10 

7 6 

1 22 

('*) 

10 

(•) 

23 5 

3 

10 

5 5 

22 

535 

21 5 

3 

10 1 

2 

22 

19 

3 

10 

9 

22 

(•) 


15 5 

3 

10 1 

309 





« Mm^ IS the abbre\iation for square millimeter recently adopted for U S Government printing 
Growth just started in 1 flask 

* Growth just started 
Growth covered flasks 

• Grow th just started in 2 flasks 

Influence of Temperature on Infection and Decay 

To obtain a uniform amount of moculum for all the roots used m a 
given experiment and at the same time to confine the initiation of 
mfection to a definite area, so that a comparable quantitative measure- 
ment may be made of the decay produced at different temperatures, is 
more difficult with a fungus like Sclerotima sclerohorunij which does not 
normally fruit on culture media, than with fungi that sporulate 
abundantly Bits of mycelium, no matter how obtamed, are bound 
to vary. The same is true of bits of sclerotia, although a more uniform 
quantity of moculum can be obtamed by carefully shcmg the sclerotia 
For comparisons of the effect of temperature on the amount of decay, 
both mycelium and sclerotia have been found fairly satisfactory if 
large numbers of roots are used to elimmate the effects of individual 
variation Mycelium moculation yields a larger percentage of infec- 
tion, but fairly yoimg sclerotia also yield a large percentage. 
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influenced by two factors (1) Tlic greater amount of water present 
on the undried roots at the outset of the experiment and (2) the loss 
of some of the inoculum from the dried roots, due to the drying 
process and the handling incident to it, although the roots were han- 
dled carefully to avoid this That this pathogcne is sensitive to the 
amount of moisture present is shown by the reduced percentage of 
infection m the wet roots at a relative humidity of 80 per cent as 
compared with that at 90 per cent, as well as by the similar effect of 
the relative humidity on infection in the dried roots 

Varietal Susceptibility to Infection and Decay 

To measure the relative susceptibility of 14 varieties of carrots to 
infection by Sclerotima sclerohorumj three types of inoculum, two 
methods of inoculation, and three criteria of measurements were 
employed 

The three types of inoculum consisted, respectively, of sclerotia, 
mycelium, and carrots decaying with Sderotima scleroHorum The 
method of inoculation with either sclerotia or mycelium was to insert, 
by means of a small scalpel, bits of the inoculum as neaily the same 
size as possible one-fourth to one-eighth of an inch deep in the thickest 
diameter of the roots The method of inoculation with the third 
type of inoculum was to place near the center of a quantity of carrots 
one decaying with the pathogene The percentage of roots infected 
and the diameter of the lesions were used as measures of susceptibility 
in the experiments in which the roots were inoculated with bits of 
mycelium or sclerotmm, the percentage of infection and the diameter 
of the nests that developed weie the criteria of susceptibility when 
the carrots were inoculated with a decaying cariot There was one 
replication of each expeiiment involving each type of inoculum 

The conclusions drawn from all the data obtained are (1) That 
all the varieties tested are readily susceptible to decay by Sclerotinia 
sclerohorum, (2) that, although there is some variation in the number 
of infections, the percentage of infection, and the degree of decay 
with the different vaiieties m a given experiment, these variations 
are not always paralleled in another experiment conducted as nearly 
as possible under the same conditions, and (3) that the amount of 
variation is probably not always a measure of relative susceptibility 
but IS due rather to uncontrollable factors, such as kind and quantity 
ol inoculum, size and shape of roots, variation in the viability of the 
inoculum, variation in susceptibility within a host variety, degree of 
wounding, and probably some unknown factors 

The results recorded in Table 7 are submitted as an example of 
the relative susceptibility of 12 varieties at three different tempera- 
tures The conclusions drawn from these data apply also to the 
two varieties Rouge demi-longue de Saint James and Rouge longue 
de Saint Valery, used in some of the other experiments but not in 
the present one In this experiment the roots were inoculated by 
placing a decaying carrot m the center of a 12-quart wire basket of 
roots of each variety All the roots wei'e as nearly the same size 
as possible, and only sound roots that were fairly free from blemishes 
were used Considering that m this experiment only one inoculation 
IS involved m the case of each variety at each temperature and that 
variation in the size and shape of the roots and irregularity in the pack- 
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Relation of Humiditi lo Infection^ 

Ramsey {13) states that moisture is an important factor in the 
infection of vegetables by Sclerotinia sclerotiorum However, he pre- 
sents no data on the influence of air humidity on infection 

In an experiment (Table 6) conducted for the purpose of studying 
the mfluence of humidity on infection, cairots (Danvers Half Long) 
grovTi in the vicimty of Canton, Pa , weie used The roots were 
obtained directly from the field, stored a few days in a cool basement, 
and incorporated in the experiment November 30, 1925 Only sound 
roots and roots relatively free from wounds were used The roots 
were stored in chambers 7 by 9 by 10 feet high, provided with ven- 
tilation (14), and all four chambers were maintained at a temperature 
of 6 5° C The relative humidities ot these rooms were 95, 90, SO, and 
70 per cent, respectively One 16-quart hamper of untreated roots 
\vas placed in each room as checks Six hampers of carrots were 
inoculated with Sclerotinia sclerotiofura by dipping them in a suspen- 
sion of mycelium and cariot agar in w^ater The suspension was made 
by squeezing six 200-cc Erlenmeyer flasks of carrot-agar cultures 
(40 cc to the flask) thiough fine-mesh cheesecloth into 10 gallons 
of w^ater After inoculation the roots from four of the hampers were 
spread out carefully on the floor of a large room and dried with an 
electric fan As soon as dry, one hamper of roots was placed in each 
of the four stoiage chambers The two remaining hampers were 
placed without drying at relative humidities of 90 and SO per cent, 
respectively 

In the checks at 95 per cent relative humidity two roots became 
infected, indicating that there w’as some contamination of field origin. 

Table 6 — Influence of humidity on infechon of canoh 'inoculated with Sdeiuiinui 
6cle7otW)uni and stored at 6 5® C 


1 

j 

Reiatne humiditx 
(per cent) ' 

I 

Stoiage 

period 

Inoculai 

Stored without dijmg 

-ed roots 

j Stored aftei doing 

Ui 

Total 

itieated loots 

Infected 

Total 

j Infected 

Total 

Infected 

i 

Days 

dumber 

Number 

\per cent 

Number 

Number 

Pu cent 

Nu mber 

Nu mbei 

Per cent 

95 1 

47 




41 

4 

10 

33 

37 

0 

(, 

90_ ; 

47 

37 

7 

\ i9 

1 44 

1 

2 

0 

0 

SO 

47 

42 

3 

1 7 

1 39 

1 0 

0 

3S 

0 

0 

TO. ' 

47 




' 42 

0 

0 

40 

33 

0 

0 

95 

104 




41 

12 

29 

2 


90, ! 

104 

37 

24 

65 1 

! 44 

2 

5 

37 

(P 

0 

80 

104 

42 

10 

24 1 

1 39 

0 

0 

38 

0 

0 

*0 

104 




42 

0 

0 

40 

0 

u 


Infection resulting from inoculation was much more marked in the 
roots stored m the wet condition than in the roots stored after they 
were dried Not only was the percentage of infection higher in the 
former, but infection developed at a relatively lower percentage of 
humidity (80 per cent) This increased infection may have been 


* The results recoded in Tables 6, 27, and 35 were obtained from an e\periment conducted at the Marble 
Liahoratory (Inc ), Canton, Pa , through the courtesy of S M Marble, who was responsible for maintain - 
ing the temperature, humidity, and ventilation throughout the experiment The results discussed re^ 
gardmg the eJEieet of humidity on infection of carrots by Bacillus carotovorus also were obtained in con- 
necwon with this experiment 
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somewhat, depending on the particular lot of carrots. As a rule the 
amount of infection is relatively small below 30^^ Between 20° and 
25°, the number of infections is probably influenced by the infection 
and decay produced by Bacillus carotovorus, which is often heavy. 
The absence of Rhizopus infection at 24° m experiment 2, Table 8, 
may easily be accounted for by the B carotoiwus infection, which 
amounted to 94 per cent at the end of 19 days Infection by Khizopus 
at temperatures below 20° is erratic in its occurrence, often not 
appearing at all during the marketable life of the roots and never 
in large amounts In only two instances during nearly 10 years of 
experience in the storage of carrots has the writer observed infection 
of unmoculated carrots by Rhizopus at temperatures below 12°. 
At temperatures above 30°, infection by Rhizopus is heavy and occurs 
in a very short time 

Table S — Influence of temperature on infection of carrots by Rhizopus 
EXPERIMENT 1 


Temperature (° C ) 

Relatix e 
humid- 
ity 

Duration 
of storage 

Inoculated roots* 

Untreated roots 

Total 

Infected 

Total 

Infected 


Per cent 

Days 

Number 

Number 

j 

Per cent 

Number 

Nu'inbei 

Per cent 

44 


11 1 

54 

6 

n 

66 

(*’) 


41 

92 

11 

70 1 

(6) 


86 

(i») 


36 

87 

n 

74 

64 


78 

59 

76 

32 

78 

11 

02 

44 

71 

60 

20 

43 

24 6 

9f) 

22 

58 

1 

2 

70 

3 

4 

22 5 

93 

22 

79 

0 

0 

58 

1 

2 

20 

97 

22 

61 

1 

2 

81 

0 

0 

IS 

90 

22 

(0 

1 

2 

69 

0 

0 

14 5 

95 

31 

69 

0 

0 

84 

0 

0 

11 5 

95 

31 

59 

0 

0 

66 

0 

0 

10 

98 

31 

53 

0 

0 

66 

0 

0 

8 

90 

31 

67 

0 ! 

0 

74 

0 

0 

5 

100 

31 

48 

0 

0 

66 

0 

0 

3 

1 

100 

31 

65 

0 

0 

71 

0 

0 


EXPERIMENT 2 (UNTREATED ROOTS) 


Temperature (° C ) 

i 

Relative 

humid- 

ity 

Duration 
of storage 

Total 

roots 

Roots mf( 

R tritici 

setod by— 

R nigricans 


Per cent 

Days 

Number 

Number 

Per cent 

Number 

Percent 

36 5 

93 

12 

43 

35 

81 

0 

0 

ai - - 

91 

19 

4H 

9 

19 

0 

1 

24 5 

93 

27 

48 

4 

8 

0 

i 0 

24 

95 

19 

57 

0 

0 

0 

0 

21 6 

95 

27 

59 

5 

8 

0 

0 

19 

92 

27 1 

50 

3 

6 

2 

4 

15 5 

91 

51 ! 

()3 

0 

0 

5 

8 

12.5 

95 

51 

48 

0 

0 

2 

4 

8 

91 

79 

47 

0 

0 

0 

0 

0 6 

95 

113 

45 1 

0 

0 

0 1 

0 

2 

94 

113 

45 

0 

0 

0 

• 0 

1 

1 

91 

113 

61 

0 

0 

0 

0 


“ The moeulum consisted of a spore suspenbion of R tnUct and R nigricans 
Infection by Pemcillium was &o great at temperatures of 41° and 44° C as to make a count of Rhizopus 
infection uncertain, except m the case given 

EFFECT OP TIME 

The results recorded in Table 9 were compiled from data obtained 
in connection with experiment 2, Table 8, to show the effect of time 
on infection. The period of time employed was governed not only 
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ing must of necessity exist in the different baskets, the results obtained 
in the number of infections, m the percentage of infection, and in the 
diameters of the nests are regarded as unusually uniform Certamly” 
all the varieties are readily susceptible and if there is anv difference in 
their susceptibility it is of no practical consequence ^ The results of 
experiments previously described confirm this conclusion 

Table 7 — Infection of 12 vaneties of canots inoculated with Sclei otinia scleiohoium 
and stored at temperahii es of 10^, o>nd 0° to 1° C foi 92, 92, and 155 days, 
respectively 


Infection after— 


i 

! 

1 

1 

Variety 1 

1 



92 dajs at 10° 

92 dajfa at 4 5° 

155 days at 0° to 1° 

TS 

5 

"o 

c 

1 

1 

j Roots in- 
1 fected 

1 

Extent of infection 

Roots used 

Roots in- 
fected 

Diameter of 
nest 

Roots used 

Roots in- 
fected 

Diameter of 
nest 


I.Vo 

No 

P €( 


No 

No 

P ct 

Mm 

No 

No 

P ct 

Mm 

Carter Early Market 

34 

1 21 

62 

Infection through- 

46 

15 

33 

112 

39 

4 

10 

40 





out basket 










65 

! 60 

92 

1 do -i 

75 

16 

21 

76 

66 

4 

6 

40 

Carter Nantes - 


i - 



76 

19 

25 

108 

63 

7 

11 

50 

Carter Red Elephant 

'l2 

! 34 

65 

1 Infection through- 

52 

12 

23 

127 

65 

7 

11 

50 



1 


1 out basket 









Carter Sc*arlet Perfection 

44 

' 42 

95 

1 do 

52 

19 

37 

108 

43 

6 

14 

55 

Carter Siimiriftr Favnnte 

1 52 

1 52 

100 

1 do 

52 

19 

37 

112 

65 

2 

4 

45 

Danvers Half Long 

61 

, 44 

72 

do 

66 

18 

27 

102 

71 

6 

8 

35 

Rouge 1 forcer Parisienne ' 

79 

1 

95 

do 

69 

28 

41 

112 

74 

3 

4 

45 

Rouge demi-courte de ! 













Gufirande ---i 

56 

1 55 

98 i 

do 

84 

24 

29 

102 

71 

4 

6 

60 

Rouge demi-longue d’ Amster- 



! 

85 i 










dam 

53 

45 

do 

68 

32 

47 

140 

55 

6 

11 

70 

Rouge demi-longue de Chan- 

1 


1 










tenay 

43 

39 

91 1 

do 

48 

23 

48 

133 

57 

4 

7 

60 

Rouge demi-longue Nantaise... 

53 

4S 

91 * 

do 

65 

19 

35 

112 

60 

4 

8 

55 


RHIZOPUS SOFT ROT 

Species op Rhizopus Responsible for Decay 

Rkizopus trit%c% ^ and R nigricans are the only species of Khizopus 
isolated from carrots by the writer. Other species may cause decay 
{S) under special conditions, but smce these two species are the only 
ones obtained from a large number of isolations, it is believed that 
they are the chief if not the only species that cause decay. 

Factors Affecting Distribution op Rhizopus Infection at Different 

Temperatures 


distribution in untreated roots 

^ The results recorded in Table 8 on the distribution of Rhizopus at 
different temperatures are representative (except for the qualifica- 
tions given m the text) of experiments conducted during different 
times of the year for a number of years. 

If sound, untreated carrots, directly from the field or after having 
been stored at 0° to 2° C for a time, are stored at different tempera- 
tures from 0® to 44^, infection by forms of Rhizopus usually occurs 
at about 15° to 44°. (Table 8.) The lower limit of this range varies 


« The si^cific name tntici {9) as here used may easily include tntici itself, Mtzopus nodosus Namys , 
II oryzae TV ent and Pr Geerligs, and ie dekmar (Bold ) Wehmer and Hanzawa, for no morphological 
characterizations are available by which these species can be defimtely separated 
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Table 10 — Infection at vaiiow^ temperatuies of wounded and unwounded carrots 
hi) 7?/7^2o/>ws”' Continued 

KOOTR NOT iNOrULATET) 


Temper 1 - Stonifs^e 
ture (°C ) period 


32 , 
25, 
19. 
8 .. 
5 ,5. 


Days 

20 

20 

32 

32 

32 


Wounded roots 


Total 

In- 

fected 

Isola- 

tions 

Oiganism isolated 

Number 

15 

Nurnbet 

i 

Number 

4 

11 tritici 

15 

0 

0 


15 

0 

0 


15 

15 

0 

0 

0 

0 

- 




TJnwounded roots 


In- 

Isola- 

fected 

tions 

Nutnbei 

N umbel 

h 

r> 

0 

0 

0 

0 

0 

0 

0 

0 


Organism 

isoLited 


11 tritic'i 


Inoculation by dipping m a spore suspension sometimes seems to 
lower the temperature limit for infection In the roots m experiment 
1, Table 8, inoculated with Rhizopus mgncans and R tr'itm^ and in 
roots (only the unwounded roots are considered m this comparison) 
inoculated with R tntiei alone (Table 10), infection was obtained at 
a slightly lowei temperature than m the umnoculated loots On the 
other hand, m roots inoculated with R mgr^cans alone and with 
R tntici plus R mgncans the lowest temperature, 32° C (Table 10), 
at which infection occurred was the same as m the umnoculated roots 
Infection has even occiUTed at a lower temperature, 12 5°, m iminocu- 
lated roots in one experiment (Table 9) than in inoculated roots m 
another, 18° (experiment 1, Table 8) Aside from the difference m 
the history of the two lots, there is some difference in the temperatures 
and periods of time employed, thus making a diiect comparison 
impracticable The foregoing results justify the conclusion that 
natural inoculation, so far as the lower temperature limit for infec- 
tion is concerned, is not a limiting factor m some lots of carrots stored 
directly from the field, and emphasize the uncertainty of Rhizopus 
infection at temperatures below 20° By employing the extreme 
conditions involved in the “well” method of inoculation^ (4), it is 
possible to alter either the normal limits of infection by R tntm and 
R nigricans or the limits obtained by inoculation with a spore sus- 
pension The lower temperature limits of infection by both patho- 
genos may thus be lowered and the upper limit of R nigricans raised, 
until the temperature limits of infection are almost as wide as the 
tcmjieraturc limits of growth The results obtained by this method 
of inoculation wdl be drsciissed later 

EFFECT OF WOUNDING 

The data recorded in Table 10 are from one of three experiments 
conducted to determine the effects of wounding on the infection of 
carrots by Rhizopus at different temperatures A different type of 
wounding was employed m each experiment: (1) Scraping the skin 
off the root with a knife, (2) striking the root on the side of a wire 
basket, and (3) cutting a small slice off each root. The last-named 
type of wounding was used in the experiment reported In the unre- 
ported experiments the wounded and unwounded roots were inocu- 
lated by dipping them in a mixed spore suspension of Rhizopus tritici 


"The well method of inoculation confaists in placinR a 24 to 48 hour old test-tube culture of the organism 
on hquid medium in a ‘Veil” m a root one-half to 1 inch deep. This ns made with a l^-inch cork borer 
and the opening is plugged with cotton after inoculation 
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by infection by Rhizopus but also by infection by Bacillus carvtovorus 
and forms of Pemcillium and Fusanum, whicli tends to complicate 
the problem and to make the selection of comparable periods impiac- 
ticable The results recorded m Tables 8 and 9 show quite clearly 
that carrots are much more resistant to infection by Rhizopus at 
temperatures below 30"^ C than above it 

Table 9 — Influence of time and tempet alia e on nonnal infection of canots by 

Rhizopus 

i "n 

EeU- ' , Roots infected b'V Rhizopus after— 

Temperature, <>0 ) ' j ^ ^ ^ ^ 

I itj I I 4dajs 1 odaib j 6da>s j Sdavs 12da^^ 19da^s 1 27da>s 51da\s 


Per tent iXumber\ Per cent Per cent^Per cent\Per cent Per cent Per cent Per cent Per cent 

3b 5.. ; 93 I 43 I 2b 44, 5b ‘ 7U I SI 

31 91 I 4S j 2 4 ; 4 , 4 ' 15 19 

24 5 ‘ 93 I 4S 0 0 1 0 I U I 0 4 8 . . 

n 5 95 I 59 0 I O' 0 1 0 I 2 3 S 

19- 92 I 50 I 0 0 1 0 I O' 0 2 10 

15 5 91 I 63 t) 0 0,0 0 0 8 8 

12 5 95 48' 0 O' 0 0 0 0 0 4 


The separate distribution of Rhizopus iritici and R nigricans will 
be discussed later 

EFFECT OP INOCULATION 

If carrots are inoculated by being dipped m a spore suspension of 
Rh tzopus tr diet and R rngneans^ the percentage of infection in a given 
period is usually greater than that of iminoculated roots (Table 8, 
experiment 1, and Table 10 ) 
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into wells made in the thickest diameter of the roots, and others by 
using cultures of E tnhci of the same age and grown under the same 
conditions as the former species. The wells were plugged with sterile 
cotton and the loots then exposed to the various temperatures After 
decay had advanced sufficiently, the carrots were weighed, the decay 
removed, and the undecayed portion weighed again The amount of 
decay at each temperature was obtained by subtracting the second 
weight from the first 

A number of experiments xvere made with each pathogene, the 
results of which are recoided m Tables 11 and 12 


Table 11 — Influence of temperature on infection and decay of cat tots inoculated 

with Rhizopus tntici 


[20 roots used in all cases] 


Temperature 

rc) 


35 5_ 
M 5 „ 
32... 
30- _ 
28— 
24 5- 
2L._ 
20 - . 


Storage 

period 

Boots in- 
fected 

Decay 

Temperature 

rc) 

Storage 

period 

Roots in- 
fected 

Decay 

Days 

Number 

Grams 


Days 

Nu mber 

Grams 

2 

20 

283 

18 5 

2 

20 

5() 

2 

20 

388 

15 

2 

20 

2h 

2 

20 

341 

11 5 

2 

20 

11 

2 

20 

m 

9 6 

2 

20 

8 

2 

20 

218 

8 

2 

0 

0 

2 

20 

161 

8 

7 

20 

51 

2 

20 

121 

5 

7 

4 

(> 

2 

20 

80 

2 5 

7 


0 


Table 12 — Influence of tempeiature on infection and decay of carrots inoculated 

with Rhizopus nigncans 


[20 roots used m all cases] 


Temperature 1 
CO) j 

Storage 

period 

Roots in- 
fected 

Decay 


35 

Days 

2 

Number 

4 

Grams 

(V 

91 


33 5 

2 

20 


31 5 

2 

20 

292 


2H 5 

2 

20 

420 


28 

2 

20 1 

482 


24 5 -- - 

2 

20 ! 

4fi5 


22 5 

2 

20 

419 


20 

2 

20 

225 



Temperature 

(® 0 ) 


18 6. 
13- 
12 - 
9 5- 
8 — 
5 _ 
5- 
2 — 


Storage 

period 

Roots in- 
fected 

Decay 

Days 

Number 

Grams 

2 

20 

249 

2 

20 

150 

2 

20 

34 

2 

20 

22 

2 

10 

C) 

2 

0 

0 

13 

0 

0 

13 

0 

0 


" Just started Decdy at this temiier.iture was due to Rhizopm tritici 
Siv )ust starfecl 

It Will be seen that both Rhzoims tmtwi and R nigricans are 
(‘apable of infecting and decaying carrots over a far wider range of 
temperatures under the conditions of these expenments than under 
the conditions of the preceding experiments The obvious differences 
m the factors operating in the two sets of experiments are the degree 
of wounding; the amount of inoculum in a given area, and the pres- 
ence of a medium, m the form of carrot decoction, in the wells in the 
latter experiments as compared with its absence in the former 
An enzyme® also may have been present in the carrot decoction to 
act on the carrot tissue ahead of infection 
It is believed that the degree of wounding was not a limiting factor 
in the earlier experiments, for carrots have often been subjected to 


8 ObservutJonb have shown that the action of Rhizopus tntici and R, nigncans is the same on carrots as 
on sweetpotatoes (i?). 'I'his action consists largely in dissolving the middle lamellae through the agency of 
nectinase secreted by the pathogenes 
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and B nigricans In the present experiment three spore suspensions 
were used* B tntici alone, R nigncans alone, and a mixed suspension 
of the two pathogenes 

The suspensions were prepared by pouring w'ater on cultures of the 
pathogenes m Erlenmeyer flasks, shaking the flasks to free the spores, 
and then pouring the suspension through cheesecloth into a larger 
volume of water to remove as far as possible the mycelium present 
The three spore suspensions were made up separately, so that the 
dosages are not necessarily comparable in the lots moculated with 
the different suspensions; but they are compaiable in the wounded 
and unwounded roots inoculated with a given inoculum The 
checks consisted of umnoculated wounded and unwounded roots 

At temperatures of 19°, 25°, and 32° C , the only temperatures 
at which any infection occurred (Table 10), 52, or 29 per cent, of 
the 180 wounded roots became mfected, as compared with. 42, or 23 
per cent, of the ISO unwounded roots The margin of mfection in the 
wounded over the unwoimded roots was not large (6 per cent), and in 
two cases the percentage of mfection was greater in the unwounded 
lots* 

The results of the three experiments show a somewhat greater 
percentage of infection m the wounded than in the unwounded car- 
rots, there being exceptions in particular lots In some instances 
mfection occurred at low*er temperatures in wounded than in im- 
wounded roots 

Temperatures at Which Khizopus Nigricans and R Tritici Produce 

Infection 

From the data recorded m Table 8 (experiment 2) and Table 10, it 
appears that 19° C. is near the dividing line between temperatures at 
which infection is produced by Rhzopus tritwi on the one hand and R 
mgncans on the other R tntrci was obtained m all the isolations 
made from infected roots stored at temperatures above 19°, while R 
mgncans was obtained from infected roots stored below 19° These 
results were confirmed by another experiment made under the same 
conditions as experiment 2, Table 8 

The foregoing results indicate that, although the amount of inocu- 
lum on stored carrots as well as the presence of wounds may inci*ease 
or otherwise influence infection by Rhzopus fntm and R rugricwns^ 
artificial inoculation and wounding are not essential to infection 
CaiTots are very susceptible to decay at temperatures above 30°, 
much less susceptible between 20° and 30°, and highly resistant below 
20°. Carrots are highly resistant to attack by R mgncans under all 
circumstances. 

Effect of Temperature on Infection and Quantity op Decay 

The well method was employed to determine the temperature 
ranges at which Rhizopus tntici and R. mgruans are able to infect 
carrots, and to measure the influence of temperature on the quantity 
of decay during certain periods of time 

Eoots of the Danvers Half Long variety were washed in soapy 
water, rinsed in tap water, and dried in the laboratory Some were 
moculated by introducing 48-hour-old cultures of Rhizopus nigricans ^ 
grown in 2 5 c c of carrot decoction in test tubes at room temperature, 
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E mgricans normally causes all the decay R tntici causes all the 
decay of sweetpotatoes above 32^^, and the infection is divided between 
the two species at temperatures between 20° and 32° (6) The 

normal range of temperature at which R tntici infects wounded and 
unwounded carrots extends from about 19° to 44°, and the range at 
which it infects wounded sweetpotatoes is from 20° to 44° (7) 

Wounded sweetpotatoes at temperatures below 26° are very sus- 
ceptible to infection by R nigricans, whereas wounded or unwoundcd 
carrots are highly resistant to infection by this pathogcne (8) The 
resistance of sweetpotatoes to infection by Rhizopus resides m the 
skin and healed-over wounded surfaces, and fresh wounding removes 
this resistance (It), whereas the resistance of carrots to infection by 
Rhizopus IS affected very little by wounding The normal resistance 
of sweetpotatoes to infection by R tritici at temperatures below 20° 
IS broken down when the roots are inoculated by the well method, 
the resistance of carrots to R tntici at temperatures below 20° and 
to R nigricans at temperatures from 8° to 33 5° is broken down when 
the roots are inoculated by the well method 

Varietal Susceptibility to Decay 

SUSCEPTIBILITY TO RHIZOPUS NIGRICANS 

It has alieady been shown that either the Danvers Half Long variety 
IS normally resistant to infection and decay by Rhizopus nigricans 
or that this pathogene is not well ecj[uipped to infect the roots under 
normal conditions The following varieties of carrot have been found 
to be susceptible when inoculated by the well method with 24-hour 
to 48-hour cultures grown in 2 5 c c of carrot decoction m test tubes, 
plugged with cotton, and stored at temperatures fluctuating from 
10° to 1»5° C . Blanche a collet vert (hors terre), Blanche lisse demi- 
longue. Carter Early Market, Carter Long Forcing, Carter Nantes, 
Carter Red Elephant, Carter Scarlet Perfection, Carter Summer 
Favorite, Danvers Half Long, Rouge demi-longue de Danvers, Jaune 
obtuse dll Doubs, Rouge a foicer Parisionne, Rouge demi-courte de 
Guorande, Rouge demi -longue dbimsterdam. Rouge demi-longue de 
Chantenay, Rouge demi-longue Nantaise, and Rouge longue de 
Saint Valery, The degree of susceptibility docs not seem to vary 
greatly under these conditions 

During one to four different seasons all these varieties were stored 
at temperatures ranging from 0° to 15 5° C The only infection 
recorded, aside from that of Danvers Half Long by Rhizopus, was 
on Rouge demi-longue de Danvers held at a temperature of 10° during 
the season of 1926-27, when about 5 per cent of the stock stored (a 
little more than a peck) was decayed This variety was stored the 
two preceding seasons without infection by Rhizopus This variety 
IS really a strain of Danvers Half Long, and m general there has been 
found very little difference between the two in their reaction to disease 
Although no isolations were made from these roots, because they were 
completely decayed at the time of the inspection, it is believed, because 
of earlier experience, that the decay was due to jB. nigricans In any 
case, the varieties listed above probably can safely be stored at 
temperatures below 15° without much danger of infection by B 
nigricans, 

j;^OC)4S~~32~ 2 
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various degrees of wounding, dipped in a spore suspension of either 
species of Rhizopiis, and exposed to temperatures below 20° C , with 
veiy little resulting infection 

The presence of a greater quantity of inoculum and culture medium 
in the wells seems to be the factor operating in the present experi- 
ments to overcome the lesistance of the roots at temperatures at 
which they are normally resistant 

By the end of two days the amomit of decay caused by Rhzopus 
intici (Table 11) increased fiom 0 g at 8° C to 388 g at 33 5° and 
decreased progressively as the temperature rose above 33 5° In a 
supplementary experiment, the maximum amount of decay was ob- 
tained at 35 5° and declined as the temperature rose Some decay 
occmTed at 42° At 44° the loots showed evidence of injury and 
were badly infected with Penicillium Active decay has been found 
a number of times at a temperature as low as 8°, and R tntm has 
been isolated from the decay at this temperature Below 8°, if 
decay begins at all, it tends to drv up The lowest temperature at 
winch decay by R intici has been observed is 5° This minimum is 
slightly higher than that (3 5°) observed m sweetpotatoes {9) 

After two days the amount of deca}^ produced by RMBopus mgri~ 
cans (Table 12) increased from 0 g at 5° C to a maximum of 482 g at 
28° and decreased progressively as the temperature rose above 28° 
It was not possible to determine the maximum temperature for 
infection of carrots hj B uigncans, because of the invasion of R 
triticif winch infects cariots readily at a temperatine of about 35°. 
In fact it is quite probable that some of the decay at 31 5° and 33 5° 
was due to R tntici A large percentage of the isolations made from 
carrots inoculated as in this experiment have yielded B tnhci In 
the present case R tntici alone was obtained at 35° Isolations 
were not made from roots stored at the other temperatures The 
lowest temperatme at which decay by R mgncans has been found 
is 8° 

Rhizopvs Infection in Caeeots and Sweetpotatoes 

A comparison of mfection of carrots and sweetpotatoes (9, 10) by 
species of Rhizopus brings out some interesting differences and 
similarities 

(11 Fiesh wounds are almost invariably essential to infection of 
sweetpotatoes at tempeiatiues below 33° C Some infection wdl 
occur vuthout woundmg above 33° Wounds have very little effect 
on mfection of carrots at any temperature (2) Some change takes 
place in sweetpotatoes when exposed to temperatures above 33° that 
makes them fairly susceptible to decay without woundmg Some 
change takes place in carrots when exposed to temperatures above 
30° that makes them very susceptible to decay (3) Rhizopus tntici 
and R mgncans cause most if not all the decay m both cases (4) 
The total temperature range at which Rhizopus has been found to 
infect carrots (0°-2° to 44°) and that at which it mfects sweetpotatoes 
(3 5° to 44°) are almost identical The difference in the two cases is 
probably due to differences m the temperatures employed in the two 
sets of experiments and possibly to complications introduced by the 
effects of other fungi on sweetpotatoes at temperatiues near 3 5° 
(5) R tntw'i causes practically all the decay of carrots, whereas R 
nigricans causes most of the decay of sweetpotatoes, largely because 
sweetpotatoes as a rule are held at temperatures below 20° at which 
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which one root in one experiment remained uninfected during the time 
employed 

Although there is some variation in the amount of decay in the 
different varieties in a given experiment, the variations do not always 
correspond in the two experiments Nor is the difference in the 
amount of decay in the several varieties large enough to indicate 
marked resistance on the part of any 

The results of the two types of experiments show that all the 
varieties are very susceptible to infection by Rhizopus tntici under 
the same conditions as those under which Danvers Half Long was 
found to be readily susceptible, that is, when the roots are inoculated 
with a spore suspension and stored at a temperature of 30° C. and 
above, and when they are inoculated by the well method 

BACTERIAL SOFT ROT (SLIMY SOFT ROT) 

Bacillus carotovorus is always present to some extent on vegetables 
in storage and transit In addition to decaying carrots in storage 
and transit, it intermittently occasions losses by attacking the roots 
m the field Decay in the field seems to depend on rather special 
conditions, such as high temperature combined with a high water 
content of the soil following a severe attack of blight {Macrospor- 
%um carotae Ell and Langlois) Although its presence m storage and 
transit as well as the amount of loss it produces may be influenced 
by its occurrence in the field, it is not absolutely dependent upon 
such occurrence 

The Pathogene 

In the experiments in which the carrot roots were inoculated, 
the Jones 3 A strain of Bacillus carotovorus was employed In the 
temperature and infection experiments in which no inoculum was 
used, it IS assumed that all the bacterial decay that occurred, except 
at temperatures of 38° to 40° C and above, was due to B carotovorus 

Method of Infection 

According to Jones (6), infection of carrots by Bacillus carotovorus 
does not normally occur through the unbroken skin. Unfortunately 
the skin is not continuous over the entire surface of the roots. Its 
continuity is interrupted by the wounds produced by harvesting 
operations, including injury to root tips and secondary roots. These 
wounds permit of a certain amount of infection whenever conditions 
of temperature and moisture are favorable (Tables 14 and 15.) 


Table 14 — Normal infection hy Bacillus carotovorus of wounded and unwoundcd 
cairots stored at various temperatures foi SI days 


Temperature (® C ) 

Wounded roots 

tJnwoundod roots 

Total 

Infected 

Total 

Infected 

24 

Number 

64 

71 

66 

73 

78 

Number 

58 

18 

20 

5 

0 ] 

Per cent 
91 
25 
30 

7 

0 

Number 

75 
81 

76 
76 
78 1 

Number 

60 

18 

10 

2 

0 

Per cent 
67 
22 
13 
3 
0 

22 5 

19 5 . 

17 6 

15 

Total « 

274 

101 

37 

307 

80 

26 


^ Taken from results at temperature at which mfection occurred, 
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feUSCEPTIBILITl TO RHIZOPUS TRITICI 

In two experiments conducted to detci-mme the susceptibility of 
16 varieties of carrots to infection and decay liy JRhizopus tntin, 
the roots were inoculated by dipping them m a spore suspension, 
after which they were stoied at a temperature ol 30° C T'ho per- 
centage of infection in most varieties was larger m the second experi- 
ment (Table 13) than in the first m spite of a shorter storage period 
This difference was probably due m part to the heavier spore sus- 
pension used in the second experiment All 16 varieties were found 
to be susceptible There was considerable variation m the percent- 
age of infection in the different varieties in a given experiment, but 
the variation was not always parallel to that of the other experiment 
Moreover, the degree of variation in a given variety in the two 
expemnents was sometimes as great as the variation in the different 
vaneties m the same experiment It is believed, _ therefore, that 
there is not a marked difference m the susceptibility of the varieties 

Table 13 — Infection in 16 varieties of carrots inoculated hy dipping in a spore 
suspension of Rhizopus iritici and stored at 30^ C 


E\periment 1 


E\peiiment; 2 


1 

Variety | 

1 

Total 

Roots infected after— 

Total 

Roots infected after— 

1 loots 

1 

7da>s 

15 days 

roots 

3 days 

8 days 


Num~ 

Num\ 

Per 

Num- 

Per 

Num- 

Num- 

Per 


Per 


ber 

ber 

cent 

ber 

cent 

ber 

ber 

cent 

ber 

cent 

Blanche ^ collet vert (hors terre) 

32 

6 

19 

16 

60 

21 

15 

71 

16 

76 

Blanche lisse demi-longue 

30 

1 

3 

21 

70 

22 

14 

64 

19 

86 

Carter Early Market 

70 

10 

14 

34 

49 

68 

10 

17 

30 

52 

Carter Nantes 

70 

9 

13 

48 

69 

44 

26 

59 

37 

84 

Carter Red Elephant 

51 

8 

16 

24 

47 

47 

21 

45 

36 

77 

Carter Scarlet Perfection 

48 

2 

4 

17 

35 

30 

13 

43 

22 

73 

Carter Summer Favorite 

42 

13 

31 

37 

88 

23 

14 

61 

20 

87 

Danvers Half Long 

i 61 

7 

11 

36 

59 

48 

17 

35 

40 

83 

Rouge demi-longue de Danvers 

56 

25 

45 

46 

82 

33 

13 

39 

32 

97 

Jaune obtuse du Doubs 

38 

4 

11 

21 

55 

33 

17 

52 

10 

58 

Rouge 3. forcer Parisienne 

86 

53 

62 

84 

98 

29 

7 

24 

22 

76 

Rouge demi-courte de GuSrande 

48 

13 

27 

45 

94 

32 

14 

44 

30 

94 

Rouge demi-longue d* Amsterdam.. 






41 

34 

34 

38 

93 

Rouge demi-longue de Chantenay 

. 57 

10 

is 

36 

63 

33 

19 

58 

27 

82 

Rouge demi-longue Nantaise 

1 63 

11 

17 

36 

57 

30 

7 

23 

25 

83 

Rouge longue de Saint Valery 

1 55 

1 

13 

24 

29 

53 

40 

21 

53 

2f) 

65 


In two other experiments with these same varieties the roots, 
after being washed in soap and water, rinsed in tap water, and 
dried in the laboratory, were moculated by introducing a 48-hour 
culture of Rhizopus trttici into wells The wells were made in the 
thickest diameter of the root, penetrated to the center, and were 
plugged with cotton Twenty roots of each variety were employed 
in each experiment. All the varieties were stored in wire baskets 
under the same conditions in a room 8 feet square and 10 feet high, 
provided vath ventilation at a temperature of about 23° C After 
two days in the &st experiment and three days m the second, the 
roots of each variety were weighed separately, the decay removed, 
and the undecayed portion weighed again The weight of the decay 
was obtained by subtractmg the second weight from the first. 

The percentage of infection in both experiments was 100, except 
in the case of the variety Kouge demi-longue de Chantenay, in 
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tamination by decaying roots on infection and decay at various 
temperatures, and type 3, to measure the influence of temperature on 
the quantity of decay at different temperatures. 

Type 1 — The behavior of carrots stored at different temperatures 
in regard to infection by Bacillus carotovorus within any given period 
of time IS not always uniform either in the range of temperatures at 
which infection occurs or in the amount of decay present Aside 
from the effects of temperature and wounding, the extent of decay is 
probably influenced by the following factors The particular lot of 
carrots stored, the amount of contamination, the humidity of the 
storage room, and decay by other pathogenes 

The difference in behavior of different lots of carrots and the effects 
of decay by other pathogenes on decay by Bacillus carotovorus will 
become obvious as the discussion continues It is a matter of general 
observation that roots contaminated because of field infection are 
more likely to decay than roots from uncontammated fields. K high 
humidity in the storage room seems to favor infection, although there 
are no data available to show its exact i elation to infection 

The results given iii Tables 15 and 16 are submitted as examples 
of what may happen m legard to infection by Bacillus carotovorus if 
roots are stored at a range of temperatuies from to 41® C 

In experiment 1 (Table 15) the roots weie placed at the various 
temperatures after having been stored at a tempera tuie of 0® to 2° 
from November 1 to March 4, while those m expenment 2 were 
stored at the various temperatures at harvest time Aside from the 
difference in the age of the roots at the time of storage, the conditions 
of the two experiments are not entirely parallel Tlieie are differ- 
ences in temperature, humidity, and time The differences in tem- 
perature are not believed to be of any importance The low humidi- 
ties at the temperatures of 32® and 35° m experiment 1 of Table 15 
may possibly operate to i educe the percentage of infection The 
temperatures and relative humidities between 15® and 25® employed 
m the two experiments are sufficiently alike to be fairly comparable. 
At these temperatures there is a difference in time of three days 
between experiment I (Table 15) and the 19-day period in Table 16 
At these temperatuies the percentage of infection in newly dug 
carrots in 19 days (Table 16) was in most instances about the same 
as m the older roots in 22 days, and at 24® the newly dug caiTots 
showed a much larger percentage of infection than was shown by tlie 
older roots at the nearest corresponding temperature (Table 15, 
experiment 1 ) These data indicate at least that the roots do not 
necessarily increase in susceptibility with age. The lower limits for 
infection in the periods of time considered were about the same 
The percentage of infection over the entire infection range in the two 
experiments was undoubtedly influenced by infection by Rhizopus 
and Fusarium, especially the former Infection by any one of these 
organisms always shows some variation in amount Consequently 
any variation in the percentage of infection by one would tend to 
cause a variation in the otheis 



880 Journal of Agricultural Research voi 44, No 12 


Table 15 

—Infl 

uence of temperature and humidity on 
cairots hy Bacillus carotovorus 

infection of uninoculafed 

Expenment 1 « 

Expel imont 2 '' 



Tem- 

perature 

(®C) 

Rela- 
tive hu 
miditj 

pZd ’“"'1 

Roots 1 

afeeted 

Tem- 

per- 

ature 

CC) 

Rela- 
tive hu- 
midity 

Stor- 

age 

period 

Roots 

used 

Roots infect od 


Per cent 

Days \Ku'mhe7 

Number 

Per cent 


Per cent 

Days 

Number 

Number 

Per cent 

41- 

92 

3 1 86 

0 

0 

36 6 

93 

12 

43 

3 

7 

S') 

67 

11 ' 78 

3 

4 

31 

91 

19 

48 

12 

25 

32- 

78 

13 ' 60 

1 

2 

24 6 

92 

27 

48 

32 

f)7 

24 5 

96 

22 , 70 

41 

59 

24 

92 

19 

57 

54 

95 

22 5 

93 

22 i 58 

14 

24 

21 6 

95 

27 

69 

25 

42 

20 

97 

22 i 81 

13 

16 

19 

92 

27 

50 

18 

36 

]S._ 

96 

22 69 

10 

14 

15 6 

91 

53 

63 

11 

17 

14 5 

95 

22 1 84 

0 

0 

12 5 

95 

51 

48 

7 

15 

11 5 

95 

22 1 65 

0 

0 ! 

8 

91 

79 

47 

0 

0 

10 

98 

31 1 56 

0 

0 

6 >) 

95 

113 

45 

0 

0 

S-_ 

I 90 

31 , 74 

0 

0 

2 

94 

113 

45 

0 

0 

5 

1 100 

31 , 66 

0 

0 

1 

91 

113 

61 

0 

0 

3- 

1 100 

31 71 

1 

0 

0 

1 


1 





« Eoots exposed to various temperatures after being stored at a temperature of 0° to 2° C , from Nov 1 to 
!Mar 4 

& Newly dug roots exposed to various temperatures 


Wounding and Infection 

Normally the range of temperature extending from 15° to 25° C , 
and particularly temperatures above 20°, are favorable to infection 
of carrot by Bacillus carotovorus A quantity of unwounded roots 
and roots wounded by being struck three times against the blunt 
edge of a wire basket were stored without inoculation for 31 days 
at a number of temperatures from 15° to 24°, inclusive. The 
wounded roots showed a higher percentage of infection than the 
unwoimded roots at all temperatures at which infection occurred. 
(Table 14 ) These results indicate that, although wounding in- 
fluences infection, heavy infection may take place m the absence of 
fresh wounding, 

Temperatuee Relations 

GROWTH OF THE PATHOGENS 

Jones {6) found the maximum temperature for growth of Bacillus 
carotovorus on culture media to be slightly below 39° C Very hi, tie 
growth took place in 20 days at temperatures ranging from 0 6° to 1° 
Some growth took place at 2° m 24 hours The optimum tempera- 
ture for growth was reported to be approximately 27° to 30° 

experiments on infection AND DECAY 

Three types of experiments were employed in the study of the 
relation of temperature to the infection and development of decay by 
Bacillus carotovorus In type 1, sound untreated roots were stored 
at a series of temperatures m infection chambers and storage rooms , 
in type 2, a root decaying with B, carotovorus was placed at or near 
the center of a quantity of sound roots and the roots were stored at 
various temperatures; in type 3, the roots were inoculated by the well 
method and stored at various temperatures The objects of the 
three types of experiments were as follows . Type 1 , to determine the 
normal temperature range for infection and decay and the time 
reqmred for infection to occur, type 2, to study the effects of con- 
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become high if the duration of the storage period is long enough 
With the rise in temperature from 8° to about 21 5 °, there is a shorten- 
ing of the time required for infection to occur. (Table 15, experi- 
ment 2, and Table 16 ) At temperatures between 21 5 ° and 36 5° 
no difference is apparent m the time required for infection to take 
place, unless a slightly higher percentage of infection at 31^ (Table 16) 
indicates slightly earlier infection There is veiy little divergence m 
the number of infections occurring at these temperatures during the 
first 8 days. The optimum temperatures for infection among those 
used (Table 15) were 24° and 24 5° It is to be expected that the 
optimum temperature for infection will vary if different temperatures 
are employed 

Type 2. — When bacterial soft rot is present in the field, decaying 
roots may sometimes be stored with healthy stock and shipped with 
them to terminal markets, where the usual storage temperatures range 
from 0° to 2° C The results in Table 18 were obtained from an ex- 
periment designed to throw some light on such cases, as well as on 
what would happen if such contaminated stock were stored at differ- 
ent temperatures 

In this experiment, eleven 12-quart baskets ol sound carrots weie 
inoculated by placing a decaying root in the center of each The 
baskets were then stored at temperatures ranging from 2° to 31 5° C 
and at relative humidities ranging from SO to 98 per cent. The rot 
was the result of inoculation with a pure culture of the Jones 3A strain 
of Bacillus carotovorus This experiment has some limitations in so far 
as measuring the influence of temperature on the amount of decay is 
concerned Among these are variation in the length of the storage 
period, variation in the size, shape, and packing of the roots about the 
inoculum, and the fact that there was only one inoculation at each 
temperature 

It was desired to obtain infection over the widest possible range of 
temperature In attempting to extend infection to as low a tempera- 
ture as possible, complications developed at the three highest temper- 
atures where the roots showed considerable decay from Rhizopus by 
the end of the twenty-second day. 


Table 18 — Influence oj tempeiature on infecUon of can oh inoculated hy placing 
a root decaying with Bacillus caroiovoi us vn the center of each hainpei 


Temperature 

CG) 

Hela- 

tive 

humid- 

ity 

Stor- 

age 

period 

Hoots 

used 

Roots in- 
fected 

! 

Temperature 

(^C) 

Rela- 

tive 

humid- 

ity 

Stor- 

age 

period 

Roots 

used 

Roots in- 
fected 


Per 


Ntum- 

Num- 

Per 


Per 


Num- 

Num- 

Per 


cent 

Days 

her 

ber 

cent 


cent 

Days 

her 

ber 

cent 

3l 5. 

90 

22 

31 

2 

1 6 

15 5 

96 

29 

67 

11 

19 

30 

86 

22 

36 

4 

1 11 

12 

90 

29 

i 70 

7 

10 

24 5 

88 

22 

46 

9 

20 

8 

93 

29 

49 

0 

0 

23 5 

91 

29 

59 

12 

20 

8 

93 

80 

49 

7 

14 

21 

96 

29 

36 

21 

68 

6 6 

98 

SO 

46 

3 

7 

19 

80 

29 

67 

15 

22 

2 

95 

80 

45 

1 

2 


Obviously, the normal variation in size and shape of the carrots and 
in the packing of them in the baskets would give rise to some variation 
m the number of roots in a given area about the inoculum. There 
is always some variation m the amount of decay resulting from a 
single inoculation. Although the effect of the difl’erence in tempera- 
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Table 16 — Influence of time on infection of uninoculated cairots by Bacillus 
carotovorus at various temperatures 


Temperature 

('’C) 

Rela- 

tive 

humid- 

ity 

Roots 

used 

Roots infected after— 

4 da^s 

5 days 

6 daj's 

8 days 

12 days 

^ 19 days 

27 days 

51 days 


Per cent 

Number 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

36 6 

93 

43 

0 

2 

5 

7 

7 




31 

91 

48 

0 

6 

6 

6 

21 

25 



94 n 

93 

48 

0 

2 1 

2 

2 

17 

54 

67 


24 

95 

57 





54 

95 



*>1 6 

95 

59 

0 

2 

2 

2 

8 

15 

42 


19 

92 

50 

0 

0 

0 

0 

6 

14 

36 


15 5 

91 

1 63 

0 

0 

0 

0 

0 

0 

5 

17 

12 5 - 

95 

48 

0 

0 

0 

0 

0 

0 

0 

16 


Unmoculated carrots have been infected by Bacillus carotovorus 
at temperatures from to 36 5° C (Table 15, experiment 2, and 
Table 17 )® In only one year has bacterial soft rot been observed at 
a temperature of 0° to 2° during nine years of storage of the Danvers 
Half Long variety taken directly from the field After 131 days of 
storage the percentage of infection was 0 2 in this variety but reached 
as high as 8 m one other variety 

Table 17 . — Normal infection by Bacillus carotovorus of the Danvers Half Long 
variety of carrots stored at several temperatures and humidities during four 
seasons 


Storage season | 

1 

Temper- 

ature 

Relative 

humidity 

Storage 

period 

Roots 

used 

Roots infected 



Per cent 

Pays 

Number 

Number 

Per cent 


10 

80-96 

102 

1,288 

80 

6 


7 

80-96 

102 

1,190 

9 

0 8 


4 5 

75-83 

102 

1, 029 

0 

0 


0-2 

91 

102 

1, 412 

0 

0 


10 

75-85 

121 

437 

58 

13 

1925>26 

7 

75-85 

121 

: 411 

1 3 

0 7 


0-2 1 

90 

121 

886 

0 

0 


15 5 

90 

39 

66 

22 

33 


10 

SO 

99 

58 

11 

19 

1926-27 ■ 

4 5 

70 

165 

52 

0 

0 

j 

0-2 

90 

131 

192 

0 

0 

j 

0-2 

90 

131 

978 

2 

0 2 


12 5 

91 

50 

121 

53 

4i 

1 

12 5 

91 

70 

267 

205 

77 

1 

4 5 

84 

50 

134 

0 

0 


4 5 

84 

100 

133 

5 

4 


4.5 

84 

150 

124 

0 

0 

1927-28- 

0-2 

90 

50 

135 

0 

0 


0-2 

90 

100 

129 

0 

0 


0-2 

90 

150 

136 

0 

0 

1 

0-2 

86 

50 

131 

0 

0 

1 

0-2 

86 

100 

125 

0 

0 


[ 0-2 

86 

150 

134 

0 

0 


Likewise, infection at 4 5° C was limited to one season out of three 
seasons' storage of the Danvers Half Long variety (Table 17), the 
percentage of infection being 4 after 100 days of storage In another 
season 1 per cent of each of four other varieties was infected after 
92 days of storage at 4 5°. Infection at temperatures below 10° has 
always been relatively small even after long periods of storage. At 
a temperature of 10° and above, the percentage of infection may 


recorded m Table 17 were obtained from the storage of carrots at temperatures from 

seasons The roots were taken directly from the field and stored either m%-(mart 
ampers or bushel crates in storage rooms 8 by 14 by 11 feet high ^ 
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Table 19 — Influence oj tempeiatuie on infection and decay oj caiioia inoculated 
by the well method with Bacillus carotovorus 

[10 roots used in all cases] 


Tcmpeiatiire 

("C) 

Storage 

period 

Roots infected 

Decay 

Terapeiature 

(°C) 

Storage 

period 

Roots infected 



Decay 

35 

Days 

3 

Number 

0 

Per cent 
0 

Orains 

0 

15 5 

Days 

Number 

9 

Per (C7it\ 
90 

Oram<i 

21 

32__ 

3 

0 

0 

0 

12 

3 

5 

50 

5 

29 

3 

2 

20 

0 

8 

3 

0 

0 

0 

26 5 

3 

G 

60 

42 

8 

7 

5 

50 

4 

24 5.._ 

3 

8 

80 

50 

5 5._ 

7 

1 

10 

a 0 

21 5 

3 1 

10 

100 

41 

2 __ 

12 

0 

Oj 

0 

18 5 - 

3 

10 

100 

34 



« Decay not measuiable 


The greatest amount of decay occurred at 24 5° C (Table 19, 
see also Table 15 ) The amount of decay declined as the temperature 
rose above or lell below 24 5° This optimum is slightly below that 
(27° to 30°) for growth on culture media The lowest temperature 
at which infection was obtained in this experiment was 5 5° Time 
was undoubtedly a limiting factoi 

The temperatuie at which infection of carrots by Bacillus ca/oto- 
vorus occurred m the three types of experiments ranged from 0°“-2° 
to 36 5° C The optimum temperature for infection is about 25°. 

Influence of Relative Humidity on Infection and Deca'^ 

Only one experiment was conducted to determine the relation of 
humidity to infection of carrots by Bacillus carotovorus Unfortu- 
nately the temperature used (6 5° C ) is normally a limiting factor 
in infection by this pathogene, and hence the experiment throws little- 
light on the eftect of humidity on infection 

Eight 16-quart hampers of freshly harvested, sound caiTots were 
inoculated by dipping them in a suspension of Bacillus carotovorus in 
beef bouillon The carrots in four of the hampers were dried and one 
hamper was stored immediately at each of the relative humidities 
95, 90, 80, and 70 per cent and at a temperature of 6.5° C The four 
other hampers were first stored for 48 hours, without drying, at a 
temperature of 10° and a relative humidity of 95 per cent, and then 
placed, one at each humidity, together with the hampers of drieil 
carrots No infection occurred in the hampers of dried carrots even 
after 104 days of storage In a wet hamper first exposed to a tem- 
perature of 10° and a relative humidity of 95 per cent for 48 hours 
and then stored at 6 5° and a relative humidity of 95 per cent, one 
root was found to be infected after 104 days of storage. Infection 
was also found on roots that had been given the same preliminary 
treatment and stored at a relative humidity of 70 per cent No in- 
fection occurred m the wet roots at relative humidities of 80 and 90 
per cent. These results are inconclusive as regards the effect of hu- 
midity on infection of carrots by B carotovorus except to indicate, 
perhaps, that the preliminary wetting had some effect Observations 
indicate that a high humidity favors infection at the temperatures at 
which infection normally occurs. 
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ture tends to overshadow this variation, it does not ahvays do so, and 
some effects of the initial variation always persist (8) Numbers 
alone will compensate for this variation 

Infection (Table 18) occurred over the entiie temperature range 
At 8° C there was no infection m 29 days, but m SO days there was 
14 per cent The maximum number of infections took place at 21°. 
Tins temperature is 3 5° below the optimum obtained in experiments 
1 and 2, Table 16 It is beheved that 24 5° more nearly represents the 
optimum for infection and decay This opinion is confirmed by the 
lesults discussed under experiments of type 3, where more quantitative 
methods were emploved Infection at 8°, 5 5°, and 2° occurred rather 
slowdy Only 7 roots at 8°, 3 at 5 5°, and 1 at 2° became infected in 80 
days However, in contrast to the results obtained from uninoculated 
roots, infection occurred at these temperatures in a shorter period of 
tune, in larger amounts, and appaiently with greater certainty At 
some of the lugher temperatures the infection in the same period of 
time was heavier in umnoculated roots (Table 16) than 111 the inoculated 
roots of the present experiment It is not clear why this should be so, 
unless the normal contamination aside from the root used foi inocula- 
tion \vas less in the latter case than in the case of the umnoculated 
roots (Compare results in Table 16 wuth those in Table 18 ) These 
results show that the inclusion of decaying carrots m stored lots may 
be a source of decay, the amount depending on the quantity of 
decaymg material present, the temperature of the storage room, and 
the length of the storage peiiod This method of inoculation insures 
infection over a wider temperature range, particularly at low 
temperatures. 

Type 3 — For this experiment 180 sound roots of the Danvers Half 
Long variety w’ere selected for uniformity of shape and size The 
results of the test are recorded in Table 19 The roots were first 
thoroughly washed m soapy water and dried One hundred and 
twenty w^ere then moculated by introducing 0 5 cc of a suspension of 
Bacillus earotovorus m beef bouillon into a well, 8 mm in diameter, 
penetrating to the center of each root The wells were plugged witli 
cotton and 10 roots were stored at each of the 12 temperatures shown 
in Table 19 In 60 1 'oots used as checks sterile beef bouillon, instead of 
the bacterial suspension, was placed in the wells Five of these roots 
were placed at each of the 12 temperatures The amount of decuiy 
w^as determined by w’-eighing the decaying roots, removing tlie decay, 
weighing the undecayed portion, and subtracting the second weight 
from the first There was no infection in any of the checks The 
highest temperature at which infection occurred in tbiee days was 
29° C This temperature is regarded as the maximum at which decay 
will take place only for the time limit and other conditions of this 
experiment. Infection has been obtained at 36 5° (Table 15, experi- 
ment 2), but no infection occurred at 41° (Table 15, experiment 1) 
Thirty-five degrees is 4° below the maximum temperature obtained 
by Jones (6) for growTh of B earotovorus on culture media The max- 
imum temperature for the infection of carrots by B earotovorus is 
difficult to determine because of mfection by Rhizopus, which is alw ays 
heavy at temperatures above 30°, even within the limits of a few days. 
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Factors Influencing Initiation or Infection 

EFFECT OF A NUTRIENT MEDIUM 

Some difficulty was experienced in obtaining uniform infection of 
carrots with Botryt%s cinerea by artificial inoculation. Uniform infec- 
tion was deshed m order to measure quantitatively the effect of 
temperature on infection and decay Inoculation by dipping the 
roots in a water spore suspension yielded as erratic results as did 
the storage of carrots at the various temperatures without inocula- 
tion Infection resulting from inserting mycelium and spores into 
the roots by means of a scalpel was very limited and uncertain 
Fairly uniform infection was obtamed when the roots were inocu- 
lated in wells with a spore suspension m carrot decoction Less 
infection occurred when roots were inoculated with a spore suspen- 
sion in distilled water than when they were inoculated with a spore 
suspension m carrot decoction (Table 20 ) These results indicate 
that the presence of nutrient mateiial other than the carrot tissue m 
the roots aids infection Normal infection of carrots by B cinerea 
in storage seems to be largely associated with and to follow the 
collapse of certain tissues The pomts at which the pathogen e gams 
entrance to the root are the fine tip end of the taproot, secondary 
roots (rarely), the crown, and wounds Most of the infection takes 
place through the fine tip end of the taproot Very little infection 
occurs dming the first month or two at temperatures from 0° to 4.5® 
C. During this time some of the fine tip ends, the secondary roots, 
and some of the top tissues collapse and become necrotic, furnishing 
weakened or necrotic tissue upon which the pathogene can grow 
before establishing active relations with the host 

EFFECT OF WOUNDING 

Aside from gaining entrance through the fine tip ends and the tops, 
Botrytis infection takes place almost exclusively through other 
wounds, especially through fresh woimds, rarely, if ever, through 
the uninjured skin; and seldom through secondary roots The 
lesults recorded in Table 20 show that no infection occurred through 
rootlets or through uninjured skin when a spore suspension, either 
in carrot decoction or in distilled water, was used Of the roots 
inoculated with a spore suspension in carrot decoction over fresh 
wounds, 75 per cent became infected; of those inoculated with a spore 
suspension in carrot decoction over old wounds, 27 per cent became 
infected; of those inoculated with a spore suspension in distilled water 
over fresh wounds, 40 per cent became infected; and of those inocu- 
lated with a spore suspension m distilled water over old wounds, 
none became infected 

In the absence of inoculation, severely wounded roots showed a 
slightly higher percentage (4 as compared with 0 8) of mfection than 
unwounded roots (Table 21) when stored at the range of temperatures 
over which Botrytis commonly infects carrots. In this case one lot 
of unwounded carrots and one lot of roots that had been wounded 
by striking each one on the blunt edge of a wire basket were stored 
for 31 days at temperatures ranging from 2® to 15® C. The results 
(Tables 20 and 21) show that the uninjured skin is a barrier to infec- 
tion and emphasize again the importance of careful handling of 
carrots in order to avoid wounding and consequent infection. 
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VabietaTj Susceptibility to Infection and Decay 

Three types of experiments were employed in an attempt to measure 
the relative varietal susceptibility (1) The roots were inoculated 
by the well method, one-half cubic centimeter of a suspension of 
Bacillus carotovorus in beef bouillon being used for each root. These 
roots were then stored at 20° C The quantity of decay was deter- 
mined by weight as previously described (2) The roots in a 12-quart 
hamper of carrots were inoculated by placing at the center a root 
decaying with B carotovorus and then storing them at 15° (3) A 

16-quart hamper of each variety was stored at harvest time at each 
of four temperatures, 0°-2°, 4 5°, 10°, and 15 5°, without treatment 
Expenments of types 1 and 2 were repeated In the first type of 
experiment the criteria used for the measurement of decay were the 
percentage of infection and the quantity of decay, m the second and 
third types the cntena used were the number and percentage of carrots 
infected 

The following 17 varieties of carrots have been found to be sus- 
ceptible to decay by Bacillus carotovorus Blanche k collet vert (hors 
terre), Blanche lisse demi-longue. Carter Early Market, Carter Long 
Forcing, Carter Nantes, Carter Bed Elephant, Carter Scarlet Per- 
fection, Carter Summer Favonte, Danvers Half Long, Rouge demi- 
longue de Danvers, Jaune obtuse du Doubs, Rouge k forcer Parisienne, 
Rouge demi-courte de Gu4rande, Rouge denu-longue d ’Amsterdam, 
Rouge demi-longue de Chantenay, Rouge demi-longue Nantaise, and 
Rouge longue de Saint Valery. 

Although there was considerable variation in infection and decay 
m the different vaneties m a given experiment, the same variation was 
not mamtamed in others If any variety showed greater suscepti- 
bility in contrast to other varieties, it was Blanche lisse demi-longue, 
and even in this case exceptions were found 

BOTRYTia ROT OF CARROT (GRAY-MOLD ROT) 

Occurrence 

The attention given the Botrytis rot of carrot in literatuxe is con- 
fined to a few reports of its occurrence in the lield and in storage 
It is common in storage, and it always occasions some loss whenever 
the roots are stored from two to three months at the usual tempera- 
tures (0° to 4 5° C ) — the longer the storage period, the greater the 
loss As a rule the loss is not large, except in occasional instances 
after several months of storage. 

The Pathogene 

The Botrytis causmg decay of carrot m transit and storage is of 
the cinerea type Botrytis cinerea^ like Bacillus carotovorus, Rhizopus 
tntici, and B nigricans, is nearly ubiquitous and is to some degree 
ommvorous. It is always present m carrot storage houses and will 
infect carrots at temperatures ranging from 0° to 7^ C and at rela- 
tive humidities above 85 per cent, if the period of storage is long 
enough 

^WhSz^loTcomeU C expenments was obtained from carrotb and identified by Prof 
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EXPERIMENTS ON INFECTION AND DECAY 

Two typos of experiments were employed in the study of the reln- 
tion of temperature to infection and decay Type 1 consisted of 
merely storing sound roots at various temperatures for the purpose 
of observing the infection that normally occurs Type 2 consisted of 
a quantitative measurement of decay at various temperatures 

Type 1 — The data in Table 23 illustrate (1) the behavior of carrots 
stored at various temperatures at harvest time, and (2) the behavior 
of carrots stored at similar temperatures after previous storage at a 
temperature of about 0° C In experiment 1, roots were taken di- 
rectly from the field and stored at temperatures ranging from 1 to 
31° The periods of storage emploved correspond very closely to the 
length of life of the roots In experiment 2, the carrots were held in 
storage at a temperature of 0° to 2° from the first week in November 
until March 4, when they wmre stored at the various temperatures 
after the infected roots had been sorted out 

Table 22 — Influence of tem^et ature on the qiowth of Botryhs cinciea on carrot 
agai 'in Etlenmeyer flasks 

Average area of colonies after—' Average area of colonics aftei— 


Temperature Temperature 


CO) 





CC) 





3 davs 

6 days 

10 davs 

12 days 

3 davs 

(» da\s 

Todays 

12 davs 


.Urn 2 


Mm^ 

Mm^ 


Afni" 

]\fm 2 

.Urn 2 

A/;7i2 

35 

0 

0 



17 5 

l, 158 





32 

14 




13 

204 

3, 6.50 



2i 5 

1,393 




11 

13.3 

2, 333 



24 

1,992 




7 

« 2 

127 

‘'1,26^ 

- 

23 5 

2,608 




6l"'‘‘ “ ' “ ' . 

0 

102 

870 


18 5 

1,468 




4 5 

0 

18 

159 







0-15 

0 

0 

0 

182 


Tust started 


Table 23 — Influence of temperature on infection of uninoculated carrots by 

Botrytis cineiea 


Experiment 1 « FApei imont 2 ^ 


Temper- 

ature 

(O 

Rela- 

tive 

liu- 

raiditv 

Stor- 

age 

period 

Roots 

used 

Roots infected 

Temper- 

ature 

C C) 

: Rela- 
tive 
liu- 

midiiy 

Stor- 

age 

period 

Roots 

used 

Roots infected 

31 

Per cent 
91 

Pay^ 

19 

Number 

48 

Number 

0 

Per cent 

0 

32 

Per cent 
78 

Days 

13 

Number 

00 

Number 

0 

Per cent 
0 

24 5 

03 

27 

48 

0 

0 

24 5. 

9() 

22 

70 

13 

19 

24 

95 

19 

57 

0 

0 

20 

97 

22 

81 

11 

14 

21 5 

95 

27 

5‘) 

0 

0 

18 

9f> 

22 

(.9 

5 

7 

19 

92 

27 

50 

0 

0 

14 5- 

95 

22 

S4 

17 

20 

15 5 

91 

51 

63 

0 

0 

11 5 

95 

22 

65 

11 

17 

12 5 

95 

51 

48 

0 

0 

10 

98 

31 

5(> 

7 

13 

8 

91 

79 

47 

26 

55 

8 

90 

31 

74 

5 

7 

6 5 

95 

113 

45 

20 

44 

5 

100 

31 

6f) 

3 

5 

2 

94 

113 

45 

22 

49 

3 

100 

31 

71 

0 

0 

1 

91 

i 

113 

61 

26 

43 








« Newly dug roots exposed to various temperatures 

'> Roots exposed to various temperatures after being stored at a temperature of 0® to 2° from the first week 
m November until Mar 4 


The results in Table 23, experiment 1, represent what may be 
expected to happen normally if carrots are stored at various tempera- 
tures at harvest time, although infection often occurs at somewhat 
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Table 20 — Injliience of woiiridb and of a nuiiiejit medium on injection of cat rots 
inoculated with BoUytis cinerea “ 


Infection of roots moculitcd ^v ith spore suspension in~ 


1 

1 

1 Stor- 1 

Temperature (= C i , 

I od 


Carrot decoction o\er- 

- 


1 Distilled w itei 01 — 

1 

Uninjured, Fresh 
skin 1 w’ounds 

Old 

wounds 

Rootlets 

Unin lined 
skin 

Piesh 

w'ouiids 

01(1 

w ounds 

i 

1 


Total 

Infected 

Total 

a 

1 

Total 

Infected 

Total 

Infected 

Total 

Infected 

Total 

Infected 

Total 

Infected 


Dfjys 

Xo 

No No 

No 

No 

No 

No 

No 

\no 

No 

No 

No 

No 

A"o 

S - 

‘ 21 

5 

0 , 5 

5 



5 

0 





- 

.. 


8 ... -- 

1 20 

o 

0 5 

4 

5 

3 

- 


5 

0 

5 

2 

5 

0 

li 

1 

15 

0 6 

i 

6 

U 

7 

0 


- 




- 

Total --- 


25 

0 1 16 

12 

11 

3 

12 

0 

5 

1 

0 

1 

1 

2 

5 

0 


“ The loots ^^ele inoeulited b\ intiodutmg i spore suspension into u glass tube 5 mm in diameter and 
8 mm long, sealed o\er the infection comt with \aseline The fresh wounds weie inide b> iemo\mg a 
small slice of tissue from one side of the root with a knife 


Table 21 — Xoimal injection hy BoUijtis cinerea oj wounded and unwounded 
cairots stated at various tempeiatiiies foi 31 days 



W ounded roots 

Uuwounded loots 

Temperature (®C ) 







Total 

Infected 

Total 

Infected 

15 

i Number 
\ 78 

Number 

Per cent 
<j 

Number 

78 

Numbet 

2 

I 

Pet cent 

8 

1 

11 5- 

69 

2 

i 

82 

9 5.. 

62 

2 

6 

91 

? 

0 

J 

8 - 

74 

i 

4 

91 

5 

65 

0 

u 

96 

0 

0 

2 

54 

2 

4 

65 

0 

0 

Total 

402 

16 

1 

508 

4 

s 






Temperature Relations 

GROWTH OP THE PVTIIOGENE 

To determine the influence of temperature on the g'rovvtJi of 
Botrytis cinerea ten 200-cc Erlenmeyer flasks, each containing; 44 cc 
of carrot agar, \^ere placed at each of 13 temperatures after cacJi flask 
had been inoculated by introducing a platinum loop of a spore sus- 
pension of B cinerea m sterile water into the agar at the center of the 
flask No growth occiiried at 35° C m six days (Table 22 ) The 
highest temperature at which growth occurred was 32°, the maximum 
amount of growth occurred at 23 5° As the temperature rose or 
fell below 23 5°, there was a rapid decline m the rate of giowth 
Some growth occurred at the lowest temperature employed, 0° to 
15°. Growth has been observed in another experiment at a tempera- 
ture of 0 5° to 1° The cardinal temperatures for growth may be 
said to be appioxumately as follows Maximum, 32° to 35°, optimum, 
24°, and minimum, about 0°. 
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It can not be said on the basis of these results that an increase in 
temperature within the limits of those given will necessarily result in 
an increase in the amount of infection by Botrytis In making this 
statement, due consideration is given the variation in the humidities 
involved in these experiments, which are not comparable (The 
storage conditions in these experiments were utilized because they were 
the best available ) From the results at hand it would seem that 
humidit}’ was not a limiting factor in these experiments. For in- 
stance, at a temperature of 0® to 2° there was very little difference 
in the amount of infection at 90 and at 86 per cent relative humidity, 
and contrary to what was expected, infection was greater at the lower 
humidit}^ There is often considerable variation in the amount of 
infection in individual containers stored under the same conditions 
To illustrate, the percentage of infection in an individual crate stored 
at 0° to 2° during the season of 1926-27 was 53, while the average m 
several crates was 17 The factor involved in this variation is not 
known The results obtained during the season of 1927-28 show the 
relation of time to infection at temperatui^es of 0° to 2° and 4 5°. 
Very little infection occurred during the first 50 days The per- 
centage increased more rapidly during the succeeding intervals of 
50 days 

The results in Table 25 were obtained in connection with experi- 
ment 1, Table 23, and illustrate the effects of various periods of time 
on infection at 1°, 2°, 6 5°, and 8® C In 19 days no infection had 
occurred in roots stored at 6 5° and 8° and none in 27 days at 1° and 
2° There was a progressive increase in the percentage of infection 
at each temperature with the lapse of time, except that there was only 
44 per cent infection at 6 5® after 113 days of storage as compared with 
53 per cent in 79 days at the same temperature. Infection by Peni- 
cillium, which obscured the previous infection, was responsible for 
the apparent decrease in infection by Botrytis 

It should be stated that the percentages of Botrytis infection given, 
especially at temperatures of 0° to 2° C in the last three tables, are 
not necessarily translatable into equal values of losses, especially 
during the shorter periods of storage Most of the infection takes 
place through the broken tip ends of the taproots, and any penetra- 
tion of the thicker portion of the roots is included in the count In 
cases where infection has merely begun to decay the thickened portion 
of the root, practically the entire root is unimpaired for consumption. 

Type 2 — As has been stated, some difficulty was experienced in 
obtaining uniform infection of carrots by Botrytis Quantitative 
data under such circumstances are rather uncertain The problem 
was further complicated at the higher temperatures because of con- 
tamination by such pathogenes as Rhizopus and Bacillus carotovorus 

The data given m Table 26 were obtained from one experiment and 
in the mam are representative of the results secured in two other 
experiments. 

The carrots were thoroughly washed and inoculated by introducing 
an equal quantity of a spore suspension of Botrytis cinerea in carrot 
decoction into a well 2 mm in diameter, penetrating to the center 
of the thickest portion of the root They were stored in wire baskets, 
at the various temperatuies shown in Table 26, in infection chambers 
provided with ventilation The relative humidity was above 90 
per cent at each temperature. 
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higher temperatures and the percentage of infection varies consider- 
ably As a rule, however, infection does not covei as vtide a range 
of temperature in the storjige of freshly dug carrots as in roots pre- 
viously stored at a temperature of about 0° C ^ Intection m the 
freshly dug roots occurred only at temperatures of 1°, 2°, 6 5°, and 
8^, whereas in the roots stored in ^'larch the range ol infection extended 
from 5° to 24 5° and infection occurred in a somewhat shorter period 
of time. It should be stated, however, that 24 5° is the highest 
temperature at which infection has ever been obtained in the storage 
of untreated carrots Generally, stoiage late in the season does not 
yield infection by Botivtis at quite so high a temperature 

The amount of infection by Botrytis at temperatures of 6*^ and above 
IS often influenced b}^ infection hj other pathogenes 
The data recorded m Table 24 were obtained in connection with 
storage of carrots during four seasons m refrigerated rooms either 
8 by 14 by 12 feet high, or 8 by 8 bv 8 feet The roots were stored 
at harvest time m bushel crates or in 16-quart hampers 


Table 24 — Influence of teinpeiatuie, humidity, and storage period on the normal 
infection of carrots hy Botrytis cinerea during jour seasons 


Storage season 

Temper- 

ature 

Relative 

humidity 

Storage 

period 

Roots 

used 

Roots infected 



Per cent 

Days 

Number 

Number 

Per cent 


10 

80-96 

102 

1,288 

84 

7 


7 

80-96 

102 

1, 190 

68 

6 

1924-20 

4 5 

75-83 

102 

1,029 

60 

6 


0-2 

91 

102 

1,412 

89 

6 


10 

75-85 

121 

437 

112 

26 

1925-26 

7 

75-85 

121 

411 

40 

10 


0-2 

90 

121 

886 

49 

6 


15 5 

90 

39 

66 

10 

15 


10 

80 

99 

58 

2 

3 

1926-27 

4 5 

70 

165 

52 

1.6 

29 


0-2 

90 

131 

199 

106 

f. 5-^ 


0-2 

90 

131 

1 978 

167 

M7 


12 5 

i *^1 

50 

1 121 

0 

0 


12 5 

1 91 

70 

1 267 

0 

0 


4 5 

84 

50 

134 

2 

1 


4 5 

1 84 

100 

1,33 

S 

1 0 


4 5 

84 

150 

124 

58 

47 

1927-2S 

0-2 

90 

50 

135 

3 

2 


0-2 

90 

100 

129 

6 

.5 


0-2 

90 

150 

138 

21 

15 


0-2 

86 

50 

132 

3 

2 


0-2 

86 

100 

125 

1,5 

12 


0-2 

86 

150 

134 

25 

19 


« Single crate * Average of several (‘rates, 


During the season of 1924-25 there was veiy little difl'eretice in 
the percentage of Botrytis rot piesent. on carrots stored at any of the 
four temperatures employed In 1925-26 the percentage of Botrytis 
rot increased with the rise m temperature The variation in the 
length of the storage penods was such as to make the results at the 
different temperatures not comparable At temperatures of 10° 
and 15 5° C mfection by Botrytis was complicated by infection by 
Bacillus carototorus and forms of Fusanum During the season of 
1927-28 the percentage of infection after 50 to 100 days of storage 
was greater at 0° to 2° (if infection at the two humidities at this 
temperature is considered) than at 4 5° After 150 days of storage 
the percentage of mfection at 4 5° was 47 as compared' with 19 per 
cent at 0° to 2°. No infection occurred at 12 5°, largely, it is believed, 
because of heavy infection by B earotovorus and forms of Fiisarium, 
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the roots in a spore suspension of the pathogene, the other four ham- 
pers (checks) were stored, without treatment, at the relative humidi- 
ties of 95, 90, 80, and 70 per cent, respectively, and at a temperature 
of 6 5° C Four hampers of the inoculated roots were poured out 
on a clean floor and dried by means of an electric fan The roots 
were then returned to the dry hampem One hamper each of dried 
and imdried (wet) inoculated carrots was stored with each of the 
checks The length of the storage period was 104 days 

Table 27 — Influence of humidUy on the mfection oi caiiots inoculated with 
Botrytis cinerea and stored foi IO 4 days at a tempeiature of 6 5° C 


Relatu e humidity 
(per cent) 

Inoculated roots 

Untreated roots 

Wet 

Dued 


Total 

Infected 

Total 

Infected 

Total 

fiifer ted 


Number 

Number 

Per cent 

Number 

Numheri 

Per cent 

Number 

Number 

Per cent 

Q5 

180 

0 


107 

8 i 

7 

11)6 

10 

9 

90_ 

127 

9 

7 

118 

10 

8 

100 

6 

6 

S0_ 

126 

2 

2 

108 

2 

2 

182 

11 

s 

70 

124 

2 

2 

129 

0 

0 

107 

0 

0 


There was no significant difference in the percentage of infection in 
either the inoculated or umnoculated roots at relative humidities of 
90 or 95 per cent As the relative humidity fell from 90 to 80 per cent 
there was a considerable drop in the percentage of infection m the 
inoculated roots, but not m the checks There was no infection in the 
dried inoculated roots or checks at a lelative humidity of 70 per cent 
At this humidity there was only 2 per cent infection m the wet inocu- 
lated roots, the same percentage of infection was obtained in wet roots 
at 80 per cent relative humidity These results indicate that a 
relative humidity of 70 per cent and possibly of 80 per cent is unfavor- 
able to infection This humidity, however, is also unfavorable for the 
storage of carrots 

Varietal Susceptibility to Infection and Becay’^ 

In addition to the 14 varieties of carrot listed in Table 28, the foJ- 
lowing 4 varieties have been found susceptible to infection and de- 
cay by Botrytis cinerea, Blanche a (‘ollet vert (hors terre), Blanche 
lisse demi-longue, Jaune obtuse du Doubs, and Carter Summer 
Favorite, 

Two types of experiments were conducted to determine the relative 
susceptibility of the different varieties. In one type the roots were 
artificially inoculated, and in the other infection was dependent on 
the inoculum normally present on the roots 

inoculation experiments 

In each of two experiments, 20 carrots of each variety were washed 
in soapy water and dried in the laboratory. By means of a hypo- 
dermic needle, 0 2 cc of a spore suspension of Botrytis cinerea in carrot 
decoction was then introduced into a well 2 mm m diameter and 
2 cm deep in the thickest diameter of the root The roots were stored 
130648—32 3 
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Table 25 — Influence of storage penod on infection of umnoculaied carrots by 
Botrytis cinerea at vaiious teniperatiives 


Temperature (° C ) 

Relati\ e 
humidity 

1 

1 

1 

1 Roots 


Roots infected after— 


' used 

27 days 

51 days 

79 days 

11.3 days 

^ 

Per cent 

\ 

Number 

47 

Per cent 

4 

Per cent 
25 

Per cent 
55 

Per cent 

(15 

1 95 

45 

2 

24 

53 

44 

^ 

1 94 

45 

0 

9 

31 

40 

1 

91 

61 

0 

8 

25 

39 

( 

91 1 

« 152-187 



6 


25 


1 







These carrots were stored in crates in a storage room, whereas the remaining lots were stored in hpipers 
in infection chambers One crate (containing 152 roots) \sas inspected after 51 days and one (containing 
l<57 roots) \\as inspected after 113 dajs 


Table 26 — Influence of iemperatuie on infection and decay of cariofn inoculated 

with Botrytis cineiea « 

[5 roots used in all cases] 


Temperature 

(.°C) 

, I 

penod^t infected 

1 

Average 
area of 
lesions 

Temperature 

(‘’C) 

Storage 

period 

Roots infected 

Average 
area of 
lesions 

sn 

1 Days 

1 4 

Number' Per cent 
0 0 

Mm^ 

0 

9 5 

Days 

9 

Number 

5 

Per cent 
100 

Mm 2 
273 


' 4 

0 

0 

0 

7 

9 

1 

20 


94 5 

i 4 

4 

80 

234 

5 

9 

0 

0 

99 5 

1 4 


100 

344 

7 

17 

5 

100 

410 

20 _ . 

, 4 

«> 

100 

240 

5 

17 

5 

100 

111 

1<4 5 __ 

' 4 

5 

100 

240 

2 

17 I 

0 

0 

0 

12 

1 ^ 

0 

0 

0 

2 - 

42 

3 

60 

474 


t I 


lOO 

654 

i 



1 


The relatn e humidity of the storage chambers was above 90 per cent 
Must started 


The highest temperature at which infection occurred in this experi- 
ment was 24 5° C (Table 26 ) In anothei experiment infection was 
obtamed at 28° Both temperatures are somewhat below the maxi- 
mum for growth of Botrytis cinerea (32°) (Table 22 ) This might w^ell 
he expected, smee infection by Botrytis at the higher tcm])oraturcs 
is somewhat uncertain (Table 23, experiment I ) The groatesi/ 
amount of decay after four days occurred at 22 5°, an optimum tem- 
perature corresponding closely with that for growth of this pathogciK". 
on culture media After nine days there was 654 mm ^ decay at 
12°j 273 mm - at 9 5°, a trace at 7°, and none at 5°, The amount 
of decay declined during this penod as the teniperatuie rose above or 
fell below 22 5° Considerable decay occurred at 2° in 42 days in 
three out of five roots Infection has occurred at tomperatums as 
low as 0°. 

The maximum and minimum temperatures for infection based on 
all temperature experiments conducted are approximately 24 5° to 
28° and 0° C , respectively The optimum for the rate of decay is 
about 23° 


Influence op Humidity on Infection and Decay 

The data available are too few to permit one to draw definite 
conclusions regardmg the influence of humidity on infection of carrots 
by Botrytis cinerea In one experiment (Table 27) freshly dug carrots 
were employed Eight hampers of carrots were inoculated by dipping 
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EXPERIMENTS WITH UNINOCULATED ROOTS 

A 16-quart hamper of each of the varieties listed in Table 29 was 
taken directly from the field (October 28, 1926) and stored at each of 
four temperatures (0 to 2°, 4.5°, 10°, and 15 5° C ) in storage rooms 
8 by 14 by 11 feet high The hampers were placed at the same level 
in each room Hampers stored at 0° to 2° were placed between two 
shelves in a space just high enough for them A second lot of each 
variety was stored in bushel crates at 0° to 2° in the same room as 
the hampers The crates were stacked five high, in adjacent tiers. 

Table 29 — Susceptihihty of 17 umnocidated varieties of carrot to infection by 

Botrytis cinerea 


Variety 

Percentage of roots infected at indicated tempera- 
ture (° C ), relative humidity (per cent), and 
storage period (da\s) when— 

Stored m IG-quart hampers 

Stored in 
bushel 
crates 
(0°-2°, 90 
per cent, 
131 d ij s) 

15 5®, 90 
per cent, 
39 days 

10°, 80 
percent, 
99 days 

4 5°, 70 
per cent, 
165 days 

0°~2°, 90 
per cent, 
131 days 

Blanche i collet vert (hors terre) 

32 

0 

6 5 

36 2 

6 8 

Blanche hsse demi-longue 

0 

9 5 

18 1 

51 4 

34 4 

Carter Early Market 

11 3 

1 7 

12 3 

25 8 

18 8 

Carter Long Forcing 

13 1 

0 


28 2 


Carter Nantes 

17 

0 

16 7 

27 2 

9 5 

Carter Red Elephant 

8 9 

0 

16 7 

22 1 

18 8 

Carter Scarlet Perfection 

22 7 

2 0 

27 7 

29 1 

6 7 

Carter Summer Favorite 

9 8 

2 2 

10 

14 8 

19 6 

Danvers Half Long 

15 2 

3 5 

28 8 

52 8 

17 1 

Jaune obtuse du Doubs 

8 3 

0 

32 1 

34 7 

14 5 

Rouge demi-longue de Danvers 

13 4 

0 

7 5 

26 9 

14 8 

Rouge i forcer Parisienne 

15 5 

4 1 

25 6 

25 9 

25 4 

Rouge demi-courte de Gu6rande 

2 9 

6 2 

16 1 

21 7 

8 2 

Rouge demi longue d’ Amsterdam 

4 2 

1 7 

10 4 

21 5 

20 9 

Rouge demi-longue de Chantenay 

27 

3 

15 5 

21 9 

15 3 

Rouge demi-longue Nantaise 

6 

2 3 

10 7 

14 2 

2 2 

Rouge longue de Saint Valery 

14 3 

4 7 

G 8 

17 4 

1 9 


In all varieties, except Carter Summer Favorite, the percentage of 
infection at 0° to 2° 0. was higher in the hamper lot than m the crate 
lot, and in most varieties considerably higher Just why there should 
have been so marked a difference in the two lots is not entirely clear 
The relative humidity readings were taken in the open part of the 
room and represent the humidity of the air surrounding the crates 
rather than that surrounding the hampers It is possible, because of 
the position of the hampers between the shelves and their closeness to 
each other, that the humidity was higher and that there was less 
ventilation in the hampers than m the crates These factors may have 
increased the amount of infection In any case it is probable that the 
difference m the percentage of infection in the two lots was not 
wholly accidental 

The results at the different temperatures can not be compared 
directly, desirable though such a comparison would be, because of the 
differences in the humidity of the storage rooms and in the duration of 
the storage periods 

The data at 10° and 15 5° C. show considerable variation in the 
percentage of infection, and in a number of cases a complete absence 


» Carter Long Forcing was not stored at 4 5® or m crates at 0° to 2® 
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in wire baskets at the same level in a room 8 by 8 by 8 feet, at a tem- 
perature of 12® C The length of the storage period in the first ex- 
periment was 12 days and in the second 16 days 
The criteria used in measuring the relative susceptibility of the 
several varieties were (1) Percentage of loots infected, (2) average 
diameter of the lesions based on the total number of inoculations, and 
(3) average diameter of the lesions that developed in each variety 
The diameters of the lesions were obtained from the cross sections of 
the roots cut in two directly lengthwise thiough the well The first 
two criteria are measures of the ability of the fungus to infect and the 
amount of decay occasioned, and the third the measuie of its ability 
to penetrate the tissue after it has established relations with the host 

Table 28 — Suscephbthiy of 14 varteHes of caiiot to decay when inoculated with 

Botryhs ctnerea “ 


Carter Early Market 

Carter Long Forcing 

Carter Nantes 

Carter Red Elephant 

Carter Scarlet Perfection 

Danvers Half Long 

Rouge demi-longuede Dan- 
vers 

Rouge a forcer Parisienne— . 
Rouge demi-courte de Gu4- 

rande 

Rouge demi-longue d’Am- 

sterdam 

Rouge demi-longuede Chan- 

tenay 

Rouge demi-longue de Saint 

James 

Rouge demi-longue Nantaise. 
Rouge longue de Saint 
Valery 





A\ erage diameter of lesions 




Number of roots 

Nuin 

Experi- 
ment 1 

Experi- 
ment 2 

Mean 

Experi- 
ment 1 

E\:peri- 
inent 2 

Mean 

Experi- 
ment 1 

Per cent 

Per cent 

Pei cent 

Mm 

Aim 

Mm 

Mm 

95 

80 

88 

21 

23 8 

22 2 

20 

33 

30 

32 

15 4 

11 5 

13 6 

5 1 

90 

90 

90 

22 1 

25 

23 5 

19 8 

95 

89 

92 

20 6 

22 6 

21 5 

19 5 

52 

80 

90 

66 

90 

17 4 

20 4 

21 

19 1 
21 

9 1 

90 


90 

19 5 


19 5 

19 5 

85 

90 

88 

21 8 

28 8 

25 3 

18 5 

100 

90 

95 

22 4 

25 6 

24 

22 4 

100 

84 

92 

18 9 

21 4 

20 

18 9 

85 

55 

70 

21 4 

23 4 

22 2 

18 2 

84 


84 

17 3 


17 3 

14 6 

100 

90 

95 

19 4 


LO (» 

19 4 

80 

100 

90 

22 2 

25 8 

24 

17 8 


Ixperi- 
oent 2 

M ean 

Mm 

Mm 

19 

19 5 

3 5 

4 3 

22 3 

21 7 

20 

19 8 

16 4 

12 6 

19 

19 


19 5 


21 8 

23 

23 9 

18 

18 5 

12 9 

15 5 


14 0 

19 S 

19 6 

25 S 

21 6 


“ Duration of first e\periment, 12 da\ s, of second experiment, 10 d.i\ s. 


• Percentage of infection m this case is no doubt a nioro accurate 
index to susceptibihty than the diameter of the lesions because of 
certam difficulties arising from the size of the roots in the severa.1 
vaneties and the yanation in the relative thickness of the core and 
corfacal tassue, yhich aff^t the rate of penetration and hence the 

toTe^mor/ cortical tissue, at times at least, seems 

resistant to decay_ than the core and tends to limit the 

wmild thprpwf ^riation in the amount of cortex and core 

would therefore affect the amount of decay The size of the roots 

vanation, for the advance of decay would be 
wietWTabfe 2^^ the smaUer roots than in the large ones ^ Only one 
(J-^ble 28), Carter Long Forcing, consistentlv showed a con 

bo“xpetlents Tw?Th f Siree criteria in 

1 varieties, Carter Scarlet Perfection 

percent? Chantenay, showed a somewhat lower 

varietiLwerehigSy^pSble 
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of infection A large part of the variation was duo to bacterial and 
Pemcillium decay For instance, in the case of the Blanche lisso 
demi-longue variety, all the roots stoied at 15 5^^ were doca-yed by 
Bacillus carotovorus At a temperature of 4 5°, infection by Ponicil- 
lium was rather severe in some cases and may ha.ve influenced the 
amount of Botrytis infection 

At temperatures of 0° to 2° and 4 5° C , in both hamper and crate 
stoiage, there w^as considerable variation in the peicentage of infec- 
tion in the different varieties, but the variation m the case of any one 
variety under the three conditions was not striking or consistent, 
enough to make it possible to draw very definite conclusions as to 
variation in resistance Carter Long Forcing, instead of showing the 
greatest resistance among the varieties with which it is compaied in 
Table 28, shows less resistance than certain other varieties 

As a result of these expeuments it may at least be mferied that all 
the varieties tested are susceptible to infection and decay by Botrytis 
and that the small amount of lesistance shown by any one variety 
does not gne it much advantage ovei the other varieties 

DISCUSSION 


TEMPERATURE VS V GOVERNING FACTOR IN THE INFECTION AND DEVEDOPMENT 
OF STORAGE DISEASES OF CARROTS 

Aside from such diseases as Sclerotima soft rot and black rot {Alter- 
nana radicma Meier, Dreclis , and Eddy), which directly or indii*cctly 
have their origin in the field, diseases that develop m the storage 
house are governed largely by temperatiue, provided that the relative 
humiditv ot the storage room is high enough to prevent shriveling 
10 X stored at harvest tmie at temperatures ranging from 

C, results similar to those presented in Table 30 are usually 
obtamed ihe percentage of mfection and the temperature limits of 
diseases may be expected to vary somewhat It may be 
added as supplementary to these data that carrots stored at tempera- 
tares above 3/ often show evidence of injury aside from infection, 
maniiested in the blackening and killing of the tissue The lentaih of 
hie of the lyiots at these tempeiatures is only one or two days, and 

roots and soinctunes all of them In 
addition to Penicilhum, a very sticky bacterium is found pai-ticnlarly 
associated with the uijured loots The diseases that norrnillv develol) 
m loots stored at temperatures from 0° to 37° are Rhizopus soft rol 
bactenal soft rot, Fusaiuum rot, Pemcillium rot, mS iKl iol:’ 
Lmdentified lesions also develop sometimes, and upon very laie 
occa^ons Rhizoctonia solani Kuhn infects Cairo ts at temperatures near 
L the overlapping of the temperature ranges of infec t cm 

by some of the pathogenes the amount of 'decay produced bVnnv on? 
pathogene was influenced by that produced by another ‘ ^ 

paSS^Ls auKfferSft infection by the various 

of tofe I B 0 D temperatures durmg the dilferont periods 
infeXn r represent the separate distribution of 

Fusarium, Penicillium, 
distribution of iSifif^hv ^! L ^ ^ composite grapli of the 

intended to fdetof th^^ 

merely to show the occurrence of infectiSn at the difl4en?tempeuitn^re^ 



Percentage of roots infected by indicated patbogene after — 
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Table 31 — Infiuence of tempeyatuie on 6prouhng of carrot roots 


Temperature 

(°C) 

Time re- 
fiuired foi 
roots to 
begin 
sprouting 

Tempeiatuie 

CC) 

Time le- 
fluued loi 
roots to 
begin 
spi outing 

Temperature 

C°C) 

Time re- 
quired for 
loots to 
begin 
sprouting 

Teal pel at ure 

rc) 

Tune re- 
quired foi 
roots to 
begin 
sprouting 

% 5-.- 

Days 

(«) 

5 

21 5 

Dai/i, 

5 

125_ 

Days 

12 

o 

Days 

('') 

31 

19 

5 

8 

19 

1 


24 5 

5 

15 5 

12 

6 5 i 

27 





1 




“ None in 12 dajs 


b None in 113 clajs 


Table 32 — Development oj diseases in the Danveis Half Long variety of car rot 
under various conditions of storage during four seasons 


Storage season 



Storage period 

Roots used 

Roots infected 

Peicentc.ge of loots infected with 

- 

Roots infected at 
tip ends “ 

Sound roots plus 
roots infected at 
tip ends 

Temperature 

> 

Bacterial soft 
rot 

2 

M 

a 

3 

Fusarium rot 

a 

a 

t:; o 

o ^ 

a 

O) 

Ph 

Rhizopus rot 

■a 

a 

ca 

s 

-UTa 

a 

P 

Botrytis rot 



Per 


Nurn- 

Per 








Pei 

Per 


°C 

ant 

Dav'^ 

her 

cent 








cent 

cent 


10 

80-96 

102 

1,288 

60 

6 

1 

0 1 

0 

0 

0 

7 

46 

86 


7 

80-96 

102 

1, 190 

41 

8 

4 

0 

0 

0 

0 

6 

34 

93 


4 5 

75-83 

102 

1,029 

20 

0 

6 

0 

0 

0 

0 

6 

13 

93 


0-2 

91 

102 

1, 412 

17 

0 

2 

0 

0 

0 

0 

6 

11 

94 


10 

75-85 

121 

437 

5<) 

13 

7 

0 

2 

2 

4 

26 

17 

58 

1925-2ti 

7 

75-85 

121 

411 

35 

7 

7 

0 

4 

3 

0 

10 

19 

84 


0-2 

to 

121 

886 

24 

0 

1 

0 

0 

0 

0 

6 

14 

90 


15 6 

90 

39 

60 

(>8 

31 

7 

33 

6 

0 

0 

15 

14 

46 


10 

80 

99 

58 

61 

19 

4 

0 

2 

0 

0 

3 

0 

36 

192b-27 

4 5 

70 

165 

52 

58 

0 

0 

0 

25 

0 

0 

29 

U 

42 


0-2 

90 

131 

199 

S8 

0 

1 

0 

0 

0 

0 

53 

35 

47 


0-2 

90 

ni 

978 

51 

2 

0 

0 

9 

1 

4 

17 

32 

81 


12 0 

91 

50 

121 

81 

44 

7 

21 

0 

0 

16 

0 

0 

19 


12 5 

91 

70 

267 

94 

77 

0 

10 

0 

0 

0 

0 

0 

6 


4 5 

84 

50 

134 

16 

0 

0 

1 

0 

0 

0 

3 

12 

96 


1 5 

84 

100 

133 

28 

4 

3 

1 

0 

0 

0 

11 

12 

84 


4 5 

84 

150 

124 

60 

0 

« 1 

0 

0 

0 

0 

47 

10 

50 

1927-28 - 

0-2 

90 

50 

135 

5 

0 

2 

0 

0 

0 

0 

2 

3 

98 


0-2 

90 

100 

129 

20 

0 

1 

0 

0 

0 

0 

5 

13 

93 


0-2 

90 

150 

138 

31 

0 

0 

0 

0 

0 

0 

15 

15 

84 


0-2 

86 

50 

132 

3 

0 

0 

0 

0 

0 

0 

2 

1 

98 


0-2 

86 

100 

126 

22 

0 

0 

0 

0 

0 

0 

12 

10 

88 


l0-2 

86 

150 

134 

43 

0 

0 

1 

0 

0 

0 

19 

23 

80 


« The decay undei this heading as confined to the thin poUion at the lOot tip and does not afioct the 
market value of the carrot 

Fusarium rot was present each season except one, but the amount of 
loss that it occasioned vaiied greatly Although its development is 
influenced largely by temperature, its presence or absence seems to be 
governed by some other factor. In one instance (1927-28) infection 
occurred at a temperature of 0® to 2 ^ C ; otherwise infection by Fu- 
sarium has never been observed at this temperature and very little 
has been found at temperatures below 8° 

Femcillium was present during two seasons and occurred at as low 
a temperature as 0° to 2® C Its presence or absence at these low 
temperatures seems to be largely governed by some factor other 
than temperature 

A large percentage of the carrots were infected each season at the 
fine tip ends of the roots The infection so listed in the table never 
reached the thickened portion of the root and did not materially 
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during different periods of time The graphs are incomplete in that 
they do not show the infection that occurs above 36 5° and below 
1° C Tiirthermore, the periods of time given do not always corre- 
spond at the lower limits to the time requiied for the initial infection 
to occur at a given temperature The graphs do, however, give some 
idea of the distribution of infection, the conditions of temperature 
and time in which infection is absent, and the extreme length of life 
of the carrots at temperatures above 6 5° The lecordmg of data at 
these temperatures was discontmued only when the deterioration of 
the roots was such as to preclude their consumption The time re- 
quired for the roots to reach this state of deterioration is approxi- 
mately represented by the upper receding line of each graph This 
line marks the discontinuance of recording data at the various tem- 
peratures 

The data presented in Table 30 and Figure 1 show that if carrots 
are stored at or neai 1° C the limiting disease originating m storage 
is Botrytis rot Fortunately its development is very slow The other 
diseases become limiting factors only when roots are stored or trans- 
ported at temperatures unfavorable for the holding of carrots for 
reasons other than infection Table 31 shows that sprouting begins in 
roots held at temperatures of 19°, 21 5°, 24 5°, and 31° in 5 days No 
sprouting occurred at 36 5° m 12 days Sprouting began at 15 5° 
and 12 5° in 12 days, at 8° m 19 days, and at 6 5° m 27 days, whereas 
at 1° and 2° no sprouting was apparent in 113 days It is evident, 
therefore, that decay by Rhizopus, Bacillus carotovorus, Fusarium, 
and Peiucillium occurs, as a rule, only when deterioration from other 
causes has set in The sprouts themselves soon deteriorate at tem- 
peratures of 10° and above, because of infection by bacteria and fungi 
As a result of this latter infection, the roots become discolored and 
slimy 

Development of Disease at Common Storage Temperatures 

Roots of the Danvers Half Long variety weie stored four dift'erent 
years at various ranges of temperatures the extreme limits ot which 
were 0° to 2° and 15 5° C (Table 32.) The range probably covers 
that usually employed in common storage, and the results illustrate 
the losses that might be expected provided Sclerotima soft rot was 
not present 

Bacterial soft rot was consistently present m considerable quantity 
at temperatures of 10° C and above The losses below 10° were veiy 
slight, and only m one season, 1926-27, did bacterial soft rot (0.2 per 
cent) occur at 0° to 2° 

Some black lot occurred each season, but the amount present had 
no relation to temperatuie Moreover, it was not always present under 
ail the conditions of storage, although it develops readily under all 
these conditions, indicatmg that the pathogene is not as ubiquitous 
as Bacillus carotovorus and Rluzopus. 
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The results of the year 1927-28, it is believed, give a fair picture of 
the possible losses that might be expected after various periods of 
storage, because the greatest total loss was incurred during this season 
It is true that in two of the seasons the storage period was shorter, 
but in two of them it was longer 

Varietal Susceptibility to Decay at Common Storage Temperatures 

The results recorded in Table 34 were obtained from one season's 
storage of 17 varieties of carrots at temperatures of 0° to 2°, 45®, 10°, 
and 15 5® C in 16-quart hampers and at 0® to 2® in crates 
The roots in hampers were stored on the same level at each temper- 
ature, whereas those in crates were stored in mass The results are 
representative in the mam of those obtained during two other seasons. 
An exception is the development of bacterial soft rot at a temperature 
of 0® to 2® C ; m fact, bacterial soft rot has never been found at any 
other time at this temperature during nine years of storage of the 
Danvers Half Long variety. 
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affect the market value of the carrots, because the diseased tips would 
usually be broken off in the course of preparation for the market 
From the standpoint of infection, roots showing the percentages given 
m the last column of Table 32 might be regarded as dt for market 
Because of germination and infection of the tops and discoloration of 
the roots, the carrots stored at temperatures above 4 5° C were unfit 
for market, whereas those stored at 0 2° and 4 5° C are regarded as still 
unimpaired m market value 

Numerous isolations were made from the infected tip ends The 
orgamsms obtained varied greatly Among them were Botrytis 
cinerea. Bacillus carotovoruSjAlternana radicinaj and forms of Fusarium 
and Pemcillium Because of the small size of these fine tip ends and 
the fact that the decay involves the entire cross section, one is almost 
as hkely to get a contammating organism as the pathogene At tem- 
peratures between 0° and 5° C , most of these infections ultimately 
lead to Botrytis decay. 

The results for the season 1927-28 (Table 32) illustrate the progress 
of decay durmg storage at three temperatures and in the case of 
0°-2° C at two humidities Lower humidities were employed at 
each temperature, but the roots were so badly shriveled from loss of 
water that the results are not submitted 

At 12 5° 0 very few roots remained sound after 50 days of storage 
At 4 5^ the loss was only 4 per cent in the first 50 days, but by the 
end of 150 days only 50 per cent remained marketable At 0° to 2° 
there was very little difference in the losses at the two humidities, 
and 80 and 84 per cent of the roots were marketable after 150 days. 


Table 33 — Infection of the Danvers Half Long variety of carrots stoiedfoi various 
pei lods at 0° to C during five seasons 
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« The decay in this ease is confined to thin portions of root tip and does not alTect tlio niai ko< able value of 
the carrot 


The results recorded in Table 33 give the percentage of losses due ‘to 
different diseases of the Danvers Half Long variety during five 
different years of storage at 0° to 2° C and the progress of decay during 
the season 1927-28 The duration of the storage ranged from 50 
to 201 days and the losses for the season from 2 to 20 per cent. Most 
of the losses were due to Botrytis rot and included roots that showed 
any infection whatever of their thickened portion. 
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Table 35 — Influence of humidity on shriveling of cm rots stoied at 6 5° 
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SUMMARY AND CONCLUSIONS 

The market-inspection certificates issued by the United States 
Department of Agiiculture on thcr214 cars of topped carrots inspected 
in the United States during the years 1922 to 1927, inclusive, show 
the following average percentages of decay 6 3 per cent from Sclero- 
tmia soft rot, 2 6 per cent from Rhizopus soft rot, 1 *2 per cent from 
bacterial soft rot, and 2 9 per cent from Botrytzs rot 

Since a large number of these cars were inspected for condition and 
grade independent of decay, it is believed that these figures give some 
indication of the losses and their causes m the carrots inspected and a 
suggestion of the losses that generally occur in transit 

Although the umnjuied skm of carrot roots is an effective barrier 
against inlection by Sderotima sclerotiorum, yet because of the 
discontinuity of the skin due to old wounds, secondary roots, and the 
broken tip ends of the taproots, infection takes place readily whenever 
the pathogene is present 

Fresh wounding, although not indispensable to infection, incieases 
the amount 

Sderohma sderotiorum was found to grow on carrot agar at temper- 
atures ranging from 0 9° to 32 5° C. No observations were made at 
temperatures below 0 9° The maximum amount of growth occurred 
at 24° 

Infection of carrots by Sderotmia sderotiorum has been obtained at 
temperatures ranging from 0°-l° to 28° C The greatest amount of 
decay was obtained at 23°. The difference between the optimum for 
growth of sderotiorum on agar and that for decay of carrots by the 
same organism is believed to be due to the difference in the tempera- 
tures employed in the two cases Although it is not practicable to 
store carrots below the toinpeiatuie limit for infection by S sdero- 
tionirrij the ])roccsscs of infection and decay proceed very slowly at or 
near 0°. Since the Sderotmia soft rot has its origin directly or indi- 
rectly m the field, its control should begin in the field 

Koots dipped in a susjiension of ravcelium of Sderohma sderoti- 
orunt and agar m water and stored w’hile wet at relative humidities of 
80 and 90 per cent at a temperature of 6 5° C became infected. 
The percentage of infection was much higher at 90 than at 80 per 
cen t relative humidity 

Roots inoculated in the same manner as the foregoing and dried 
with an electric fan were stored at relative humidities of 95, 90, 80, 
and 70 per cent at a temperature of 6 5° C. Those stored at 90 and 95 
per cent relative humiditv became infected, whereas those stored at 
70 and 80 per cent did not The percentage infected at 95 per cent 
relative humidity was higher than that at 90 per cent 
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The relath-e susceptibility of the different varieties to bacterial 
soft rot and Botrytis has already been discussed, but it remains to point 
out that there is considerable variation in the percentage of infection 
With both diseases m the two lots stored at 0° to 2° and that they are 
not parallel It is believed that this varjation is normal and not 
due to the difference in container or position ^ ^ 

There is some variation in the percentage of infection ot the different 
varieties at a particular temperature by Fusariuin and Pemcillium, 
but this variation is obviously affected by infection by the other 
pathogenes, nor is the variation always in the same direction at the 
other temperatures Taking into consideration the total infection 
and the results in the last column, it is quite evident that no one 
variety is distinctl}^ more resistant to disease than another 

Kristofferson (7), worlang with the Parisian carrot, Guerande, two 
strains of Nantes, and two of Samt Valery, not only found a difference 
in susceptibility to '^winter rot,'' but discovered also that this sus- 
ceptibility was correlated with the invert sugar content F or instance 

Guerande, with an mvert sugar content of 4 53 per cent, showed 84 6 
per cent rot, as compared with Samt Valery, strain B, with an inveit 
sugar content of 2 43 pei cent, which showed only 5 per cent rot 
These results are difficult of interpretation, (1) because the storage 
temperatures and other conditions of storage are not given and (2) 
because ‘Svinter lot" is rather a general term At any late, no such 
marked difference in susceptibility was found in these experiments, 
in these or other varieties tested If the inve-rt sugar content governs 
the susceptibility of a particular lot of carrots in any way, this suc- 
ceptibility can not be expected to remain constant from year to year, 
for Hasselbnng (5) found a greater variation in the invert sugar content 
of the same variety for different seasons than among the different 
varieties for the same season 

EFFECT OF HUMIDITY ON SHRIVELING 

Carrot roots of all varieties are very susceptible to drying and 
shriveling, and the range of humidities at any particular temperature 
at which it IS possible to maintain a desired turgor is relatively narrow. 

At relative humidities of 90 and 95 per cent and a temperatme of 
6 5° C (Table 35)^^ all the roots remained firm during 104 (fays of 
storage, wheieas there was considerable shriveling at both 70 and 
SO per cent relative humidity (much more at 70 than at 80 per cent) 
after both 47 and 104 days of storage At 70 per cent relative hu- 
midity there w^as a marked increase m shriveling as the storage period 
W’as prolonged The data show a smaller percentage of shriveling 
at 80 per cent relative humidity after 104 days of storage than after 
47 days The numbers used in the two counts may have made some 
difference ; otherwise there is no evident explanation of this discrepancy 
Although no data are available on the relation of humidity to 
shrivelmg at temperatures near 0° C , which is the most desirable 
temperature for the storage of carrots, experience shows that the rela- 
tive humidity should range from 90 to 95 per cent 


and 2?^ recorded in TabJe 35 were obtained from the same experiment as those given m Tables 6 
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these varieties at temperatures of 0° to 2° C the only infection by 
R mqncams observed, aside from that reported for the Danvers 
Half Long variety, occurred duiing the season 1926-27 at a tempera- 
ture of 10° in the Rouge demi-longue de Danvers variety. The slight 
and rare infection m Danvers Half Long and Rouge demi-longue do 
Danvers and the absence of infection m all the other varieties indi- 
cate that all varieties are normally resistant to decay by R nigricans 
at temperatures from 0°-2° to 15 5° 

Sixteen varieties of carrot, dipped in a spore suspension of 
Rhizopvs tnfici and stored at 80° C or inoculated by the well method 
and stored at 23°, wore very susceptible to infection and decay 
No marked differences in susceptibility to this fungus wnre found 
That Bacillvs caroforonis is constantly associated with carrots is 
indicated by the fact that a certain percentage of roots will invariably 
become infected if stored at temperatures ranging from 20° to 25° C , 
if the relative humidity is high (90 to 95 per cent) 

Wounding was found to increase slightlv the percentage of infection 
at temperatures ranging from 17 5° to 24° C , however, it was not 
essential to infection, a large percentage of infection occurring in its 
absence 

The extreme temperature limits at which infection of inoculated 
carrots by Bacillvs carotocorvs has been observed are 0° to 2° and 
36 5° C In only 1 out of 9 seasons of normal storage of the Danvers 
Half Ijong variety and in 1 out of 4 seasons of storage of several other 
varieties has bacterial soft rot been observed at a storage temperature 
of 0° to 2° Infection has occurred in only 1 out of 3 seasons of 
normal stoiage of several varieties at 4 5° Storage trials with 
the Danvers Half Long variety at temperatures near 4 5° have 
failed to yield infection by Bacillvs carotovorvs In roots that were 
sound when stored, very little infection has ever been observed at 
temperatures below 10°. 

There was little, if any, apparent difference in the time required for 
infection to occur m carrots stored at temperatures ranging from 215° 
to 36 5° C As the temperature was lowered from 21 5° to 12 5° the 
time required for infection to develop increased, at 12 5° no infection 
occurring in 27 days and 15 per cent in 51 days 
The inclusion m the storage stock of carrots decaying with Bacillus 
carotovorvs insures a more uniform distribution of the decay over a 
wider range of temperatures than occurs in the storage stock of roots 
free from such contamination. 

In carrots inoculated by the well method the maximum temperature 
at which infection occurred within three days was 29° C. , the optimum 
temperature for decay was 24 5°; and the minimum temperature for 
infection in seven days was 5° 

Taking into consideration the three types of experiments employed, 
the optimum temperature for decay is about 25° C. 

The results regarding the influence of humidity on infection of 
carrots by Bacillus carotovorvs are too incomplete and mdecisive to 
make it possible to draw any conclusions from them 

Seventeen varieties of carrots have been found readily susceptible to 
infection and decay by Bacillvs carotovorvs Although some variation 
m the percentage of infection and in the quantity of decay has been 
found m the different varieties m a given experiment, this variation 

380048—32 4 
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By storing dry roots, contaminated but not infected with Sdero- 
iuva ^cleroiioruMj at a tempera tine of 0° and relatn^c luunidities 
ranging fiom 85 to 90 per cent it is believed possible grea tly to inhibit, 

infection , 1 , 

Fourteen varieties of carrots have been ioiind i-eadilv snscejitible to 
infection by Sclerotmia sclerohorum No maiked ditleience in sus- 
ceptibility was observed among them 

Rhizopus tntici and R nigricans are the onlv species ol Khizopus 
obtained fioin a large number of isolations from carrots subjected to a 
variety of temperatures and other storage conditions Although it is 
possible that other species may decay carrots under special conditions, 
they do not do so normally under Washington conditions 

The extienie temperature limits at which infection of cairots by 
Rhizopus has been obtained in uninoculated I'oots are 0° to 2° and 
44^ C Infection is alvays relatively heavy and occurs within a 
period of four davs at tempeiatures above 80° At temperatures be- 
low 80° infection is always i datively light, and the time requiied for ii, 
lo occur IS much longer Below 20° infection is enalic m its occur- 
rence, often not occuiring at all during the marketable life of the 
roots and nevei m large "amounts In only two tests has infection 
been observed at tempeiatures below 12°, namely, at 0° lo 2° and 10° 
in the season of 1926-27 and at 7° and 10° in the season of 1925~~2() 
(Table 32 and unpublished data), and then it was veiv limited 
The time required for Rhi/opus infection to develop m uninoculated 
roots increased with the lowering of the temperature below 86 5° C 
Only 4 per cent occurred at 12 5° m 51 days 
The extreme temperature limits at which infection of unmoculated 
carrots by Rhizopus triiici has been obtained are 10° and 44° C , 
in roots inoculated by the well method infection has been obtained 
at 5° 

The extreme temperature limits at which infection of unmoculated 
carrots by Rhizopus nigncans has been obtained are 0° to 2° and 19° 
C Infection by this pathogene in roots inoculated by the veil 
method has occuried at 28 5°, and possibly higher The upper 
temperature limit for infection by this pathogene has not been accu- 
rately determined, because of complications produced by infection bv 
Rhizopus fntici 

Infection by Rhizopus jiigncaris is normally i'ai'C and small in 
amount, indicating that cairots are highly resistant to attack liy this 
pathogene 

The optimum temperature for decay of carroTs inoculated by the 
well method with Rhizopus trihci was about 83 5° , and for "those 

inoculated with Rhizopus nigncans the optimum temperature w^as 
about 28° Roots inoculated by being dipped in a spore suspension of 
either pathogene, or both, may show a small increase in the percent- 
age of infection within certain temperature limits and a lower limit of 
infection However, such is not always the case, nor is the effect ever 
marked 

Wounding generally tends to increase the percentage of infection 
by Rhizopus and to drop the lower limit of infection, but the effect is 
not marked noi is wounding indispensable to infection 
Seventeen varieties of carrots were found to be susceptible to in- 
fection and decay by Rhizopus nigncans vhen the loots were inocu- 
lated by the well method During throe years of normal storage of 
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life of the carrots at the various temperatures, the following diseases 
may be expected to develop Ehizopus soft rot, bacterial soft rot, 
Fiisarium rot, Penicillium rot, and Botrytis rot The percentage of 
loots infected and the temperature limits at which infection by the 
vaiious pathogenes takes place will vary somewhat with the stock 
stored The amount ol decay produced by one pathogene often 
influences the amount produced by another 

In a certain experiment m which carrots were stored at temperatures 
ranging from 1° to 36 5° C (Table 30), the temperature limits within 
which decay occurred were as follows* Ehizopus soft rot, 12 5° and 
36 5°, bacterial soft rot, 12,5° and 36 5°, Fusarmmrot, 6 5° and 36 5°, 
Botrytis lot, 1° and 8°, and Penicillium rot, 6 5° and 36 5° Penicil- 
lium rot occurred at only one temperature (19°) between 12 5° and 
36 5°, and mostly at 6 5° to 12.5°, mclusive 
The market life of carrots, with reference to the development of 
diseases, increases as the temperatures are lowered below 36 5° C 
A factor other than infection and decay that greatly limits the life 
of carrots at temperatures from 6 5° to 31° C. is sprouting No 
sprouting occurred on roots stored at 36 5° for 12 days Sprouting 
occurred at 31°, 24 5°, 21 5°, and 19° in 5 days, at 15 5° and 12 5° 
m 12 days, at 8° m 19 days, and at 6 5° in 27 days No sprouting 
occurred at 1° and 2° in 113 days. 

The diseases that developed in the Danvers Half Long variety at 
one temperature or another during four different years of storage at 
temperatures ranging from 0°“2° to 15 5° C. were* Bacterial soft 
rot, black rot, Fusarium rot, Penicillium rot, Ehizopus soft rot, and 
Botrytis rot This range of temperatures coincides approximately 
with the limits one might expect to find in common storage 

The losses during five different years of storage of the Danvers 
Half Long variety at temperatures fluctuating between 0° and 2° 
ranged from 2 to 20 per cent The relative humidities varied dunng 
the several seasons from 85 to 91 per cent and the storage periods 
from 50 to 201 days. 

A survey of the diseases that developed in 17 varieties of carrots 
stored at temperatures ranging from 0°“2° to 15 5° C during the 
season 1926-27 and in most of the varieties during four other seasons 
showed that all the varieties were susceptible to Fusarium lot and 
to Peni<*illimn rot in addition to the diseases discussed hitherto 
No marked difrerence in susceptibility was found 
No shriveling occurred m carrots stored at a temperature of 6.5° 
C. and at relative humidities of 90 and 95 per cent, whereas consider- 
able shriveling occurred at relative humidities of 70 and 80 per cent 
The environmental conditions regarded as most favorable for 
storage of carrots are a temperature of 0° C and a relative humidity 
of 90 to 95 per cent 
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was not always paralleled m a second experiment, and differences m 
susceptibilitv have not been sufficiently consistent to give any variety 
an outstandmg position in regard to susceptibility or resistance 
The Blanche lisse demiJongue variety may be slightly more susceptible 
than the others 

The uniformity with which Botrytis rot develops when carrots are 
stored for long periods at temperatures ranging from 0° to 5° C indi- 
cates that Botrytis cinerea is always present in carrot storage houses 
Infection of carrots by Botrytis cinerea is aided by the presence of 
nutrient media as used in the well method of inoculation. Normal 
mfection seems to be associated with the collapse of certain tissues 
such as tops, secondary roots, wounded areas, and the fine tip ends of 
taproots Most of the mfection occurs in the last-mentioned way 
Aside from the infection that occurs through secondary roots, the 
fine tip ends of taproots, and the tops, infection takes place almost 
exclusively through wounds, more readily through fresh wounds than 
old ones, and rarely if ever through the uninjured skin 

The cardmal temperatures for the growth of Botrytis cinerea on 
culture media are approximately as follows Maximum, 32° to 35° C , 
optimum, 24°, and mmimum, about 0° 

Botrytis rot m carrots taken directly from the field and stored at 
various temperatures is usually confined to temperatures below 15° C 
If carrots are placed at higher temperatures after having been stored 
at a temperature near 0° for a time, the range may be extended to 
higher temperatures 

Infection of carrots by Botrytis takes place slowly in roots taken 
directly from the field and stored at temperatures ranging from 0° to 
2° C ; that is, the percentage of mfection is relatively small during the 
first 50 days and decay is, as a rule, m its initial stage Infection and 
decay mcrease slowly as the storage period extends beyond 50 days 
The widest range of temperatures at which Botrytis cinerea mfec- 
tion has been obtained on carrots extends from 0°--2° to 24.5° C , as 
compared with a temperature range extending from 0° to 32° for 
growth of 5. cinerea on carrot agar The maximum amount of decay 
on carrots was obtained at 22 5°, which is very close to the optimum 
temperature (23 5°) obtamed for growth of the pathogeiie on carrot 
agar. The difference may be accounted for by the difference m 
temperatures employed in the two experiments. 

In carrots taken directly from the field and stored without inocula- 
tion at a temperature of 6 5° C for 104 days there was very little 
difference m the percentage of mfection at relative humidities of 80, 
90, and 95 per cent There was a drop m the percentage of infection 
as the relative humidity fell from 90 to 70 per cent. There was no 
infection at a relative humidity of 70 per cent m unmoculated and 
dried inoculated roots and only 2 per cent m roots stored when wet, 
mdicatmg that 70 per cent relative humidity inhibits infection 
This humidity, however, is too low for the proper storage of carrots, 
since it causes them to shrivel 

Eighteen varieties of carrots have been found to be susceptible to 
mfection and decay by Botrytis ennerea. No consistent differences 
in their susceptibility to this fungus were found 
If carrots free from contammation by Sclerotmia sclerotiorum 
are stored at temperatures ranging from 0° to 40° C. and at relative 
humidities of 90 per cent and above for a period covering the market 



THE SPOILAGE OP DRESSED DUCKS BY SLIMINESS' 

W L Mallmantn 
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Expel iment Station 

INTRODUCTION 

A select and extensive market lias been created for the sale of what 
the trade designates as green ducks, squab ducklings, or Long Island 
ducks Those ducks are from 5 to 10 weeks of age and weigh from 
3 to 5 pounds The immaturity of their tissues renders them very 
soft and tcndei, with the result that they spoil rather lapidly, much 
more so than mature carcasses 

When squab ducklings are shipped in ciushed ice or ice water, very 
little spoilage results, but when they aie shipped moist in containers 
which permit them to come in contact with the air, they become 
slippery, particulaily beneath the wings In exticmo cases the entire 
carcass is covered with slime so thick that it is difficult to pick up 
the duck with the hands Accompanying the slime formation is a 
marke-dly offensive odor In the early stages decomposition is purely 
superfi(*ial and washing in a solution of sodium carbonate will remove 
all odor and shine The skm, however, has a roughened appearance, 
which lenders the duck unfit for market The internal organs and 
other tissues do not show any decomposition or odor even in pro- 
nounced cases of slim mess 

Slippermess will develop in from one to two days even when car- 
casses aie kept (’onstantly at ice-box temperature (50° F ) Carcasses 
stored in meat-market ico-cooled refrigerators spoil with marked reg- 
ularity Mechanical refiigeration at a tempeiature of 40° P prevents 
sliminess l)iit caus(‘s a drying out of the skin, which is accompanied 
by discoloration and cracking The lesultmg product is as iinmar- 
kotalile as the slimy ducks, owing to the objectionable appearance of 
the (‘anuisses 

Hus iy])e of spoilage fiist (*ame to the attention of the writer when 
a, Michigan i)a(‘king plant be^an shipping ducks in individual cartons 
direcd. to tlu^ consumer This plant had previously shipped its entire 
output m <*.riish('d ice without any evidence of slime formation At 
the time that slimmess was observed in ducks shipped in paper car- 
tons, thos(* shi[)i)ed in crushed ice were free from this trouble All 
tlu^ ducks were dressed in the same plant at the same time under 
identi(;al (‘onditions, the only difference in the preparation was in the 
mode of shi])j)ing Further investigation revealed the fact that 
sliminess is of frequent occurrence in squab-ducklmg packing plants 
and, furthermore, that this condition never occurs when the ducks 
are shipped in crushed ice 

1 lleceivcd for publication Doc 21, l‘Wl, issued July, 1932 Journal aiticle No 86 (n s) from the 
Michigan Agricultural Evponrnent Station 
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Spoilage of Dressed Ducks by Sliminess 


disinfectant that would act in the presence of excessive quantities of 
organic matter was necessary, also it should have a low toxicity, as 
it would be undcsiiable to add any substance that would injure the 
food value of the duck 

Sodium hypochlorite was finally selected because it meets these 
requirements and because of its adaptability and low cost. Since 
much dirt and contamination enter the scalding tanks, it was be- 
lieved that any atteinpt to use continuous disinfection in these 
tanks would not bo feasible Instead, a system of disinfection in 
the final ice-water storage tanks was attempted In these tanks 
sodium hypochlorite m doses of 100 parts per million of available 
chlorine was added Two tanks were used, one was treated with 
neutral sodium hypochlorite and the other with an alkaline sodium 
hypochlorite The dressed ducks were stored in these tanks for ap- 
proximately 24 houis, after winch the^y were removed, packed in 
cartons, and stored in an ice-cooled refrigerator Untreated ducks 
were similarly stored as controls The results of this experiment 
are presented in Table 1 


TabIjK 1 —Resiills of disinfecting dressed ducks in chlorinated ice water 


Duck No 

'runitou'nt 

ISToru' 


1 

N out ml bodiuiu hvpochlonto 

AlKfihno hypoc'hlonto-..-, 

do 

(i 

_ .„di) 




Condition of carcass after— 


0 days 

10 days 

Decidedly slimy and discolored 

Poor 

-_do- 

Do 

Slimy find discolored 

Fair 

Kvcellont 

Best 

Slightly slimy on legs only— 

Good 

Slimy and discolored 

Fair 



At the end of six days, only one duck (No 4) that was treated 
with neutral sodium hypochlorite was really marketable as a product 
of the highest (juality The control ducks (untreated) were unmar- 
ketable at the end of six days. At the end of 10 days all the ducks 
wore. unniarkct.able; however, the treated ducks were in better con- 
dition than the untreated ones. The experiment demonstrated that 
treatment witli sodium hypochlorite m ice water will extend the 
keeping jieriod but that it docs not eliminate ultimate spoilage by slime 
formation. 

To determine the efliiiicncy of hypochlorite for killing the organ- 
isms causing aliinincss, a series of laboratory experiments was made 
in which a technic, was used similar to that employed in determinmg 
the phenol coeHiclent of a disinfectant Temperatures of 10°, 20°, 
and 37° (k were used with exposures of 1, 5, 10, 30, 60, and 120 
minutes. The culture was a 48-hour agar slant containing spores. 
Two series of tests were made, one with 0 1 co of culture suspen- 
sion and the other with 0 01 oc of suspension Three strengths of 
hypochlorite were used, namely, 25, 50, and 100 parts per mmute 
of available chlorine. The results are presented in Table 2. Only the 
data for 0.1 cc of culture suspension are given, since the results 
with 0.01 cc were the same. 
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EXPERIMENTAL STUDIES 

Bacteriological examinations made fiom slimy ducks revealed sev- 
eral spore-forming bacilli The predominating organism was a large, 
nonmotile, Gram-positive, spore-forming bacterium with a large cap- 
sule The organism has all the characteristics of Bacillus mesentencus 
except motility It appears to be either an undescribed form or a 
nonmotile variant of B mesentencus It was obtained m practically 
pure culture from the duckhngs examined 

In the killmg plant cultures were made from all the tanks and tables 
in or upon which the ducks were handled The same organism was 
isolated from each of the following places The scalding tank (140^ 
F ), plumping tank (212°), chillmg tank (50°), ice-water tank, dress- 
ing tables, floor, feet of live ducks entering the plant, and shelves in 
ice chest The organism was not found in the water supply used at 
the killing plant 

To check further the significance of the organism as a causative 
factor m producing sliminess, five live ducklings from this plant were 
dressed at the college poultry plant, sterilized containers being used 
for scalding and cooling The college dressing plant was completed 
shortly before this expermient was conducted, so all the equipment 
was new In order to be sure that all contamination was excluded, 
the tanks were carefully cleaned with a strong solution of sodium 
hypochlorite, and 100 parts per million of chlorine m the form of 
sodumi hypochlorite was added to the scalding water to destroy any 
organisms that might be present on the ducks The method of dress- 
ing was exactly the same as that used at the duck-packing plant. 
After the ducks were dressed and cooled, two were immersed for five 
minutes in a suspension of the encapsulated organism The remain- 
mg three were kept as controls All the ducks were then placed m 
paper cartons and immediately stored in an ice-cooled refrigerator at 
a temperature of 50° F. A duck dressed m the packing plant was 
stored m the same refrigerator Each day for a period of eight days 
the ducks were removed from the refrigerator and examined ior slime 
formation Within two days the duck dressed at the plant was too 
shmy to be marketable On the sixth day the inoculated ducks were 
slippery under the wings, but the control ducks were free from spoil- 
age On the eighth day the inoculated ducks were decidexlly shmy, 
the shme then covering the entire carcass An oft’ensive oclor was 
present One of the controls was slightly slippery under the wings, 
but the other two were still qmte normal The same organism was 
recovered from all the ducks that showed evidence of slime formation 
The results obtained clearly indicate that the organism isolated is a 
causative factor in the production of sliminess and that the source of 
contamination^ is the utensils used in the dressing and cooling pro- 
cesses Thus it appeared that a clean plant might solve the problem 
Accordingly, means by which this might be accomplished were 
considered 

^ The use of a chemical disinfectant appeared to be the best procedure, 
since the organisms apparently survive boiling, as indicated by their 
isolation from the plumping tank at a temperature of 212° F, A 
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after 24 ho uj s’ immersion m 100 p p m of available chloi me to deter- 
mine whether the chlorine had impaired their value as food The 
treated ducks showed no miurious effects from the treatment Never- 
theless, it was thought that a minimum amount of chlorine should 
be used To determine what the minimum should be, experiments 
weie conducted with small amounts of residual chlorine When 
3 5 p p m of available chlorine was used, all the culture tubes showed 
growth up to 30 minutes, the longest period of cxposuie employed 
However, there was a decided reduction in the number of bacteria as 
evidenced by the bacterial counts Apparently the most effective 
results were obtained with a mmimum of 25 p p m of available 
chlorine, which was sufficient for complete disinfection 

A second method of control was attempted in which the ducks 
were immersed in a disinfecting or antiseptic solution of sufficient 
strength to assure a retention of the antiseptic substance on the duck 
until it reached the consumer. The disinfectant used had to be one 
free from objectionable odor and taste Sodium hypochlorite, 
sodium borate, sodium salicylate, and sodium chloride were tried 
The sodium hypochlorite when used in strong solutions produced a 
medicinal odoi m the paper carton that would be objectionable to the 
consumei The sodium borate and sodium salicylate were not suffi- 
ciently antiseptic to letard putrefaction materially, hence these 
compounds were discarded Dipping the ducks in a saturated solu- 
tion of sodium chloride, however, eliminated the formation of slime 
In this procedure the chemical is not used up by combining with the 
organic mattci*, as is the case with sodium hypochlorite Instead, 
as the moisture evaporates fiom the surface of the duck, the salt 
becomes more concentrated and hence more active as an inhibiting 
agent Sodium chloride, moieover, has no objectionable features 
as a food preservative 

To deteunine the concentration of salt necessaiy to inhibit the 
growth of the bacteria, different quantities of sodium chloride were 
added to plain nutrient broth into which the various cultures were 
])lanted by adding a loopful of a 24-hour broth suspension The 
ri^sults ar<5 presented in Table 4 


'Pahlw ‘1 -InhihiUoe aclion oj aoduim Monde upon the qvowth oj microorganisms 
causing slnnc fonnulion in dressed ducks 




Neyiutivo or positive rebiuts when 



ubing u couoentrutioii of b,ilt of— 

iVluiooiKuniMJi No 

('oniiol 



— 



2 per cent 

5 per cent 

10 pel cent 

r 

■f 

+ 

+ 

— 

() - — 

+ 

H- 

+ 

— 

10 - - - - 


+ 




The above table shows that a concentration of 10 per cent of sodium 
chloride is necessary to suppress the development of the bacteria 
That the actioii is purely mhibitive and not germicidal was demon- 
strated by making plate counts from these tubes at various intervals 
up to 20" imnutcs Although counts were made from salt concen- 
trations of 2, 5, and 10 per cent, only the last are presented, as similar 
results werii obtained with the 2 and 5 per cent concentrations. The 
data are shown in Table 5. 
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Table 2— Killing powei of sodium hypochlorite as detei mined on a 0 1 c c cidture 
suspension of the organism causing slimiuess in diessed ducks 


A\ ailaMe 
chlorine 

NeRati\ e or positue results aftoi evpo'^iHe of— 

O QmTiQrx. _ 

ture of ! 

exposure niimite ^5 m'DUtes 

10 nim- 
utes 

do min- 
utes 

0(J niin- 
ules 

120 iriin- 
iitos 

P n m 

2o 

° e 

1 ( "f" 

+ 

+ 

+ 

+ 

~1~ 

50 

10 ' + 

+ 

+ 

+ 

+ 

+ 

100 j 

1 1 + 

+ 

+ 

+ 

+ 


25 I 


+ 

— 

— 



50 

\ 20 1 + 

— 

— 


“ 


100 

f 1 - 

~ 

— 




25 

I + 

•— 

— 

~ 


~ 

50 


— 

— 

~ 



100 

! |l + 

1 1 

i “ 






The data indicate that sodium hypochlorite in ice water at all 
strengths tested was ineffective during the periods of exposure used 
At 20° and at 37° C the chlorine was comparatively active, causing 
complete destruction of all vegetative cells and spores in five minutes 
or less 

In a later examination of slimy ducks, three othei organisms were 
isolated — a noncapsule-forming spore producer, a coccus, and a 
nonspore-formmg rod These organisms were selected because the 
odor of the cultures was identical with that found on the slmiy ducks 
Their resistance to chlorme was studied The results are presented 
m Table 3 


Table 3 — Killing power of sodium hypochlorite as determined on Ihtee micio- 
organisms found on slimy ducks 



The three organisms were readily killed by chlorine in ice water in 
concentrations of 25 p p m of available chlorme The fact that one 
of the organisms was a spore former indicates that chlorine does have 
a decided germicidal value at low temperatures, and that in spite of 
its inabihty to destroy all the capsulated spore formers present, it 
can reduce to a marked degree the amount of contamination carried 
on the surface of the duck 

Although chlorme in the quantities used had no effect on the 
appearance of the ducks, a careful exammation was made of ducks 




EFFECT OF FERTILIZERS ON THE CHLORINE CONTENT 
OF THE SAP OF CORN PLANTS ^ 

N A PiuttingkrS 

A,\hociato Agtonomibtj Vugima AgncuUmal Ezpeiiment Station 

INTRODUCTION 

In a recent paper { 14 )^ the writer reported some preliminary results 
of an investigation which showed that the composition of the sap of 
coin {Zea Mays L ) plants was markedly affected by the addition of 
fertihzois to the soils on which the plants were grown At the time 
these results were reported, the sap samples had been analyzed for 
nitrate nitrogen, total phosphorus, and total potassium only In an 
effort to explain certain data obtained in the corn-sap studies now 
under way at the Virginia station, it seemed desirable to determine 
whether the various sap samples contained large, medium, or small 
amounts of some of the fertilizer constituents that are usually given 
minor consideration m the use of fertilizers Accordingly, the sap 
samples were analyzed for the materials of interest The purpose 
of the present paper is to present the data from these analyses that 
concern mainly the effect of chlorine-carrying fertilizeis on the 
chlorine content of the sap of corn plants as found in a 4-year study 
under field conditions 

MATERIALS AND METHODS 

The plants from which sap was extracted for this investigation were 
grown on the ^ri*otation with fertilizers^ plots at the Virginia Agri- 
cultural Experiment Station, Blacksburg, Va Since a complete 
description of these plots and their management has been given in a 
previous report { 14 ), only the more salient features will be repeated 
here The experiment was started in 1909 on a Hagerstown silt loam 
soil of moderate fertility, and embraced four series of 13 plots each. 
These four senes of plots, designated as A, B, C, and D, carry in rota- 
tion tlu' following crops: First year, corn, second year, wheat, third 
and fourtli years, hay (mammoth clover, redtop, and timothy) 
The kinds and the cohibinations of fertilizers applied to the various 
[)lots are mdic.ated m Table 1. From 1909 to 1914, each fertilizer 
treatment was applied to the entire plot In the latter year, however, 
all plots were divided in half. ^ Since 1914, with the exception of farm 
manure, the ([uantity of fertilizer that was formerly applied to the 
entire plot has been applied to the south half of each plot, thereby 
doubling the former rate of application on this part of each plot, 
except the manure plots. From 1917 to the present time, the rates 
of application per acre have been as follows: Dried blood, 308 pounds, 
ammonium sulphate, 200 pounds, rock phosphate, 219 pounds , super- 
phosphate, 438 pounds; muriate of potash, 200 pounds; and manure, 


1 Eecoivetl for T>ublu’ation Doc 28, 1931, ihbucd July, 1932 . ^ xi. 

2 a'he writer is Indebted to the Doiiartments of Agricultural Chemistry and of Botany and Plant Path- 
ologv for laboratory facilities, in making the chemical analyses reported m this xiaper 

3 Reference is ma<le by number (italic) to Iviterature Cited, p 930 
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Table 5 — BjSect of a 10 cent solution of sodium chlonde on the count of certain 
mtci 00 } ganisrns causing slime foiniation in dressed ducLs 


Microorganism No 

Control 

count 

Count after exposure of— 

1 minute 

5 minutes 

i 

10 mmiites 

15 minutes 

20 miiiutefc. 

1 

133 

261 

201 

200 

102 

149 

6 - 

m 

253 

256 

210 

246 1 

251 


235 

323 

245 

266 1 

261 

254 


It Will be observed that no reduction occurred in the number of 
bacteria In fact, there was an apparent increase, probably owing 
to the repeated shaking of the tubes at the time of sampling which 
caused a dispersion of clumps of bacteria 

DISCUSSION 

As the data indicate, two methods of controlling slippermess in 
squab ducklings may be used, namely, sanitation and preservation 
The experiments demonstiate that the use of clean, sterile utensils 
with clean, sterile, scalding, plumping, and chilling waters will result 
in a product that develops sliminess very slowly, the period of delay 
being suflBcient for the usual maiketing However, the maintenance 
of such sanitary conditions is not piacticable m the usual killing 
plant and is prohibitive in cost, so it becomes necessary to use chemical 
preservatives along with economical and practical sanitary measures 
It has been demonstrated that a disinfection of the carcass with 
sodium hypochlorite in the final ice-watei storage tank materially 
lessens the amount of contamination and thus delays spoilage A final 
dipping of the finished product in a concentrated salt solution results 
in covermg the carcass with a thm film of salt brine that inhibits the 
growth of the slime-producing bacteria and thus prevents spoilage 
In practice the treatment of the ducks by immersing in ice water 
containing sodium hypochlorite, followed by dipping in saturated 
salt brine just previous to packing for shipment, has given veiy 
satisfactory results It may be that the antiseptic action of the 
salt brine is sufficient and that the addition of sodium hypochlorite 
to the storage tank is unnecessary 

SUMMARY 

Slippermess in squab ducklings is caused by bacteria. 

Four microorganisms were isolated from slimy ducklings The 
chief microorganism involved in slippermess is a spore-forming cap- 
sulated bacillus closely resembling Bacillus mesenterwus This or- 
ganism was found on all utensils and exposed surfaces m the killing and 
dressmg rooms of the duck-packmg plant investigated 

Shme formation was induced by moculating ducklings with pure 
culture of this organism 

The addition to the storage tanks of 100 p. p m. of available 
chlorine in the form of sodium hypochlorite delayed the formation of 
shme. 

Dipping the dressed ducklmgs in saturated salt brine stopped the 
formation of slime 
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In most cases, the data from individual years do not deviate greatly 
from the aAoragos just considered It is evident from these data, 
therefore, tliat the a[i{)lieation ol ehlorme-carrying fertilizers increased 
greatly the clilorine content of the sap of corn plants 


T\rn.K t (^hlornir confrnt of sa p cthaefod finoi corn plants epown on ploi.s i ecetnnq 
(hjfocni fotihze) i) cairn cnis 

|\ .linos .no in nnllijiiimis of clilorino pei enhn* oeniimolot of s.iiij 
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'• \11 plots on ifiT)g(‘ n in 1i»2h, range in 1U2'), muge B in l‘WO, iiml range \ in lO.U 

Th(' failure of the saps from the manure plots to contain as much 
(‘hlonne as those, from plots winch received muriate of potash raises the 
<lu('siion whether these dilhu’enees in chlorine content might possibly 
he r(da,(.<'(l to (lilfercnces in the amounts of chlorine supplied by the two 
fertilizers, ''Fhe manure winch has been used in the past on these 
])lots has been produced by work horses kept at the experiment station 
These animals are usually' bedded with cereal straws and fed on various 
grass and legume hays* Van vSlyke {19, p 88) reports the chlorine 
content of oa,t straw as being 0 III per cent This figure is presumably 
for air-dry straw, and it would bo logical to expect fresh manure to 
show a tnuch lower chlorine content when analyzed This was 
confirmed by an analysis of four samples collected individually and at 
random from the manure now in storage at the experiment station 
barns, which showed chlonne contents of 0 13, 0 15, 0 18, and 0 18 
])er cent, respectively, on the wet basis The moisture content of 
the four samples was 72,4, 67 B, 67,5, and 68 3 per cent, respectively. 
On the basis of these analyses a ton of manure contains approximately 
3.2 pounds of chlorine. Since the manure was applied at the rate of 
1() tons per acre in four years, the plots received approximately 51 
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16 tons once in four j^ears, except plot 12, which received 4 tons 
annually. All applications were made annually except as noted other- 
wise 

The sap samples weie obtained from 15-mch sections ol the stalks 
immediately above the surface of the soil These sections wore cut 
into small pieces approximately an inch m length, and subje(‘ted to a 
pressure of 6,500 pounds per square inch in a vsmall Carver hiboratory 
hydraulic press The sap samples thus obtained m 1928 and 1929 
were clarified mimediately with carbon black and then stored in a 
refrigerator at — 7^^ C until removed lor analysis The samples ob- 
tained in 1930 and 1931 were not clarified A small amount of toluene 
was added to each sample to prevent fermentation 

The samples were collected during the last week in August each 
year In 1928, a second set of samples was taken during the last 
week in September 

Clilorme content was determined as follows. 10 c c of sap were 
placed in an evaporating dish with 20 c of a 5 per cent sodium- 
carbonate solution, evaporated to dryness, ashed at a veiy low tom- 
peiature, taken up with water, and filteied The filtrate was then 
titrated with a standard silvei mtratc solution 111 the presence of a 
yellow light, potassium chromate being used as indicator Tlie titra- 
tions were made under a yellow light because the potassium-chromate 
indicator inparts a yellow color to the solution to be titrated and, 
hence, m order to sensitize the end point properly, it was desirable 
to have the solution and the light of the same or similar color and 
shade of color. A yellow^ 25-watt incandescent lamp was used as the 
source of light When the chlorine analyses were first undertaken, 
considerable difficulty was experienced in getting the samples to ash 
completely at temperatures sufficiently low to prevent volatilization 
of the chlorides This difficulty w^as overcome by moistening the 
incompletely ashed residue with water, redrying in an electric oven, 
and then returning the sample to the furnace In some cases a second 
moistening was necessary for complete combustion 

PRESENTATION, INTERPRETATION, AND DISCUSSION OF 
EXPERIMENTAL RESULTS 

EFFECT OF FERTILIZERS CONTAINING CHLORINE ON THE C^HLOHINE CONTENT 

OP THE PLANT SAP 

The lesults ob^HS in this investigation show a number of intei*- 
esting lelations (Table 1 and fig 1 ) The most evident of these is the 
marked effect that chlorine-carrymg fertilizers had on the chlorine con- 
tent of the plant sap Considermg for the moment only the 4-year 
averages for the samples collected m August, it mil be found that 
the plots which have received no chlorine at any time during the 
experiment (except in crop residues) yielded saps containing less than 
0 20 mg of chlorine per cubic centimeter (200 parts per million) 
On the other hand, saps coming from plots which received muriate of 
potash annually, contained more than 1 60 mg of chlorine per cubic 
centimeter (1,600 p p m ), an increase of over 700 per cent The 
manure plots yielded saps which contained between 0 50 and 1.10 nig 
of chlorine per cubic centimeter (500 to 1,100 p. p m.) They were 
therefore distinctly intermediate between the saps from untreated 
plots and those from plots which received muriate of potash annually 
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It is also clear that although muriate of potash increased the 
chlorine content of tlie plant sap more than manure did, the increase 
IS not tiroportional to the amount of chlorine applied The saps 
from the muriate of potash plots contained about twice as much 
chlorine as those from the manure plots, but this increase is far from 
being direidly proportional to the 375 pounds of chlorine supplied by 
the muriati' pei* rotation as compared to 51 pounds supplied by 
manure H is not possible to account for this difference on the 
basis ol (litrerential rates of utilization of chlorine within the plants, 
because this element enters into practically no organic compounds 
o(‘curriiig naturally m plants except the anthocyamn pigments. 
Hence, iho amount of chlorine assimilated by corn plants must be 
very small, and differential utilization would bring about only small 
differences It is possible, however, that the large amount of chlo- 
rine supplied by the muriate may have exceeded the capacity of the 
corn plant t.o absorb and retain this element In this event, applica- 
tions of (dilorine larger than the amount necessary to extend the 
jilant to its (‘aparaty in this respect, would effect no increase m the 
(‘hlorine (‘oncentration of the sap 

EFFECT OF DATE OP SAMPLING ON THE CHLORINE CONTENT OF THE 

PLANT SAP 

As previously poinfed out, two sets of samples were collected in 
1928, the first (hiring the last week in August and the second during 
the last week in September, The data m Table 1 show that in 16 
of the 23 (comparisons the vSeptember samples contained more chlo- 
rine than the samiffcs obtained from the same plots a month earlier 
This indicates that m many of the plots chlorides continued to move 
into the plants until they were nearly mature. Similar results have 
been iTjxirted by Harris who found that chlorides accumulated 
in tlu^ leaf-tissue fluids of cotton plants with the march of the season 

It is of interest also to compare the September movement of 
chlorides in t>he various jilots with their respective fertilizer treat- 
numts, Wluu'o no (9ilorino has been applied since 1914, 75 per cent 
of the total nninber of saps show a higher chlorine content in Sep- 
t-tun her t han in August Where muriate of potash has been applied, 
how(*ver, 75 pef (uuit of the total numb(U’ of saps show a lower chlo- 
rim^- <M)nt('nt, in September. The saps from the manure plots show 
higher chlorine coneeutrations in the September samples 

The in(*reases in (concentration of chlorine in the saps from the 
untrea-ted and manure plots and the decreases m the saps from the 
plots whi(‘h recuuvexi muriate of potash are difficult to reconcile In 
the vme of increases, it is natural to assume that the plants continued 
to absorb (diloride ions during September in such quantities as to 
acuuimulate an observable increase. It is possible, however, that a 
part of the intu*eases m chlorine concentration was caused by (1) a 
loss of water during maturation, or (2) by the movement of chlorine 
into the stalk from other parts of the plant. Desiccation incident to 
maturation is not behoved to have had much influence, for there 
ap])eare(l to he as much or more sap in the stalks m September than 
in August. Kurthermore, no appre(‘iable differences were observed 
in the time of maturity of the corn on the various plots The move- 
nuuit of (‘hlorine irito^-he stalks from other parts of the plant, par- 
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pounds of chlorine for each rotation Mimate of potash applied 
IZmWj at the rate of 200 pounds per acre supplied approximately 
375 pounds of chlorine in each 4-year penod, nearly eight times as 
much as the manure furnished It is clear Irom these hguies that 



Figure l — Chlorine content of sap of corn plants as affected by fertilizer treatment 

the lower chlorine content of the saps from the manure plots was due 
to the smaller amount of chlonne supplied by the manure, and that 
the higher concentration in the sap from the muriate of potash jilots 
was caused by the larger amount of chlorine supplied by the muriate. 
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more chlorine than the saps from check plots As previously stated, 
these four plots leceivcd 100 pounds of muriate of potash per acre 
annuallv Irom 1900 to 1914 In 1914 they were divided into halves 
and the fertilized halves have since received the same amounts of 
fertilizer as previously applied to the entire plot, making the rate of 
application for muriate of potash 200 pounds per acre since 1914. 
The unfeitilized halves have received no fertilizer since 1914 In 
view of the marked eflect that muriate of potash exerted on the chlor- 
ine content of the plant sap when applied annually from 1909 to 
1931 inclusive (fig 1), it is evident that the saps from the untreated 
ends of plots 3, 5, 6, and 7 show the residual effects of the muriate of 
potash applied from 1909 to 1914 The saps from these plots also 
show the residual effects of the potassium applied in the muriate of 
potash {14i Table 2). 

The saps from the untreated ends of plots 10, 12, and 13, which 
received farm manure from 1909 to 1914 but nothing since the latter 
date, show no residual effects of the chlorine supplied bv the manure 
approMmately 15 years ago In fact, the saps from these plots con- 
i.amed slightly less chlorine than most of the check plots These 
data, therefore, seem io be at variance with the generally accei^ted 
l)ehef that organic fertilizers, especially farm manures, have residual 
effects of longer duration than do inorganic fertilizers {18, p 614, 
20, p 221) It must bo kept in mmd, however, that the manure 
supplied less than one-third as much chlorine as the muriate of potash 
supjilied Fuithermore, the manure plots have consistently returned 
the lijghest crop yields, and therefore have manifested a larger demand 
for chlorine than the other plots Hence, the larger demand for 
clilorine occurred on the plots to which the smaller amounts were 
formerly applied Over the intervening period of about 15 years 
this ap])oars to have been sufficient to exhaust the chlonne which 
riHuained as residual material when the manure treatment was dis- 
continued on these plots 

Tho annual yield data from the plots which formerly received muri- 
ate of poi.ash show a strong tendency for the residual chlorine to be 
inversely ])roportional to crop growth (Fig. 2 ) The yielding power 
of these i)lot-s has thus far been determined largely by the degree of 
fertilizafacm, i, e., whetlier a complete fertilizer was applied or one 
<‘arryjng l>ut one or two of the thioe major fertilizer constituents, 
nitrogen, [)hosph()rie aeid, and potash In general, the plots which 
iiave re<*eive(l but one constituent have given the lowest yields, those 
\\hi('h have re(‘eived two constituents have returned fair yields, while 
the plots whi<‘Ji have received a complete fertilizer have given the 
highest yields. Of the plots showing residual chlorine, plot 3, which 
received a c()m])lete fertilizer from 1909 to 1914, shows the least resid- 
ual effect. This plot has a crop yield index of 142 since 1914 Plot 
(i, on the other hand, which formerly received muriate of potash only, 
has a yield index of only 104 and shows the strongest residual effect. 
Plots 5 and 7, each of which formerly received fertilizers carrying 
two of the three major constituents, show intermediate residual effects. 
Ilie yield index of 125 for plot 5 is also intermediate, but the index 
of H)1 for plot 7 IS low On the whole, these data show that the 
moi‘e (*omplet.e fertilization previous to 1914 has caused greater crop 
growth since fertilization was discontinued, which, m turn, resulted in 

mo(Ms at* r> 
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ticiilarly from the maturing leaves, remains as a possible partial 
explanation, for it is well known that when plants ripen the salts 
held in the sap have a tendency to migrate from the dying to the 
living tissues This possibility is strengthened by the fact that 
approxiQiately nine-tenths of the chlorine m cereal plants is con- 
tained in the stem tissues {19^ 'p 8S) 

The lower chlorine concentrations in the vSeptembei samples whore 
muriate of potash w^as applied may have resulted from one or more 
of three different causes First may be mentioned the much disputed 
theory of the outward movement of materials from the plant bacl\ 
to the soil through the roots For information concerning this thcor 
the reader is referred to a recent critical review by Thomas {17) 
Secondly, it is known that chlorme-contaimng compounds m plants 
occur not only dissolved m the cell sap, but also as deposits of definite 
crystals or amorphous compounds m the cell protoplasm {16, p 1J5) 
if conditions within the plant during maturation become such as to 
increase the ciystallization and precipitation of chlorine compounds 
and thus prevent their removal with the sap, the observed decreases 
in chlorine concentration of the September samples could be ac- 
counted for In the third place, it has been showm by Le Clcrc and 
Breazeale {12) that from 40 to 75 per cent of the chlorine in various 
crop plants may be washed out by rains and returned to the soil 
They point out further that this occurs to a greater extent during 
maturation than before Since the rainfall on these plots during 
September \vas 6 62 inches, a part of the chlorine losses may have 
occurred in this way 

Garner and his associates {1) found that a high chlorine content in 
the leaf of tobacco %vas accompanied by an increase in its water con- 
tent James {11) has recently observed similar increases in the water 
content of the leaves of potato plants w^here either muriate of potash 
or potash manure salts had been applied If considered casually, 
these observations would seem to explain the low^er chlorine concen- 
trations observed in the studies reported here by assuming that the 
concentrations were lowered through an increased absorption of water 
instead of a loss of chlorine A close examination of Garner’s data, 
however, shows that where muriate of potash was applied tlie in- 
creases m water content are much smaller than the incieascvs in 
chlorine content James has reported no chlorine analyses, and 
hence it is not possible to determine the status of this relation m his 
studies On the basis of Garner’s data, the hygroscopicity of chlor- 
ides can not explain the lower chlorine concentrations m the Septem- 
ber samples where muriate of potash w^as applied, unless it is assumed 
that (1) the capacity of the plants for absorbing chlorides had been 
completely satisfied during both August and September, and (2) 
that the increase in wmter content did not develop until September 
Some indirect evidence has already been presented to support the 
first assumption, but the latter is unsupported and probably was not 
operative in the studies reported here 

RESIDUAL CHLORINE 

It IS interesting to note from Figure 1 that although the saps from 
the untreated ends of plots 3, 5, 6, and 7 contained less chlorine than 
the saps from the manure and muiiate of potash plots, they contained 
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T\blk 2 — Ratio of chlorine to potash tn the sap of coin plants qiown on plots 
receiving ch-fferent fertilizer treatments 
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“Check, no treatment since 1909; 0, no treatment since 1914, N, nitrogen from diied blood, NCanns), 
nitrogen from ammonium sulphate, M, manure, Pr, rock phosphate, Ps, superphosphate, and K, muriate 
of potash 

Ml t»lots on range D in 1928, range C in 1929, range B m 1930, and range A m 1931 

Concerning the effect of fertilizer treatment on the proportion of 
chlorine to potash in the sap, the ratios are not entirely consistent 
In general, the effect of manure was to lower the chlorine: potash 
ratio If sap composition is assumed to he an index of the supply 
of available nutrients in the soil ( 14 ), this indicates that manure 
su])plied the plants with more potash than chlorine Muriate of 
potash, on the other hand, usually increased the proportion of chlo- 
rine to potasli The increases are I'elatively small, however, m view 
of the fa(d that chlorine and potassium were added in approximately 
e(|ual amounts 

Attention has already been called to the fact that Garner and his 
asso(naf.es ()) found as much chlorine as potash in the stalks and 
huives of tobacco plants where mmiate of potash was used in the 
f(u*tilizer Where no muriate was^ used, the proportion of chlorine 
1.0 potash was similar to the ratios given in Table 2 Since the 
chlorine: potash ratios reported here for corn sap do not even re- 
motely approach the proportions of 1:1 where muriate of potash 
was used, it would seem that as compared to tobacco the corn plant 
has a very limited capacity for absorbing and retaining the chloride 
ion. It must be kept in mind, of course, that Garner’s data were 
obtained from analyses of dehydrated stalk and leaf tissues, and that 
the ratios reported here represent only the sap fraction that is extract- 
able at (),5()0 pounds of pressure per square inch However, the 
(juant.ities of potassium and chlorine present in the expressed sap 
probably give a fair estimate of their relative abundance m the plant, 
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a heavier withdrawal of the soil's supply of chlorine and therefore a 
weaker residual effect Poor fertilization caused mfeiioi ciop growth, 
less absorption of chloiides, and therefore a stronger residual effect* 

THE CHLORINE POTASH RATIO 

Garner and his associates {!) have recently reported that where 
muriate of potash is used on tobacco, the plant contains approxi- 
mately as much chlorine as potash They attach considerable sig- 
nificance to the chlorine: potash ratio because the potassium occurring 
in the form of chloride is not available for the formation of salts of 
organic acids, except as replaced by other metals This is apparently 
miportant in tobacco because a high chlorine content as well as a low 
content of potash salts of organic acids both have an iintavorable 
effect on the burning quality of the tobacco leaf 



Although the physiology of the corn plant is probably very differ- 
ent from that of the tobacco plant in relation to the development of 
qualities that are of importance in the crop, it may be of interest to 
compare the amounts of potash and chlorine occurring in the sap of 
corn plants and to determme the effect of various fertihzers on the 
chlorme: potash ratio Accordingly, the ratios have been calculated 
and are given in Table 2 It is immediately clear from the data that 
there is much less chlorine than potash m the sap of corn plants 
Nearly all of the 1929, 1930, and 1931 ratios he between 0 1:10 and 
0 3:1.0, which means that in these three years there was from 10 to 
30 per cent as much chlorme m the sap as there was potash The 
ratios for 1928 are comparatively high for some reason, many being 
as high as 0 4 and 0 5. 
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Tins differential absorption of chlorides and sulphates is undoubt- 
edly dependent on (1) the structure, chemical composition, and pore 
spaces of the root-absorbing surfaces, and (2) on the degree of hydra- 
tion, ionic volume, and degree of dissociation of salts {18) Concern- 
ing the latter, it should be noted that the physical and chemical 
properties of the two ions are distinctly different Thus, it is well 
known that the chlorides are not only more soluble than the sulphates, 
but also that they dissociate to a greater degree Furthermore, the 
sulphate ion is approximately three times heavier and larger than the 
chloride ion Chloride ions therefore have a greater diffusion 
velocity than sulphate ions, and, being smaller in volume, have less 
difficulty m passing through the pore spaces of the root-absorbing 
membranes These differences between the two ions are magnified 
still more by their differential degrees of hydration, for most sulphates 
attract and hold more molecules of water than chlorides do This 
increases the weight and volume and decreases the diffusion velocity 
of the sulphate ions to a greater extent than for the chloride ions, and 
imposes a greater handicap on the former than on the latter in passing 
through the root membranes It is clear, then, that such influences 
as solubility, degree of dissociation, ionic volume, and degree of 
hydration, are all more favorable to the absorption of chloride ions 
than sulphate ions Nevertheless, it is unlikely that these differences 
m the chemical and physical properties of the two ions alone can 
account for their differential absorption by plants, for Stiles {15) was 
unable to show any correlation between the rates of diffusion of sul- 
phate and chloride ions into gels and into living cells It is now 
generally recognized that the structure and chemical composition of 
the cell membranes must be taken into consideration as well as the 
physical and chemical properties of the ions 

The rate of absorption of chlorides and sulphates from soils of pH 
5 5 to 7 corresponds to their relative positions in the Hofmeister 
senes for anions, which, m descending order of mobility, is OH>I, 
Br>N 03>Cl>HP0i, SO4 {2, 18). 

TtVl>ROOKN-I()N C.ONCBNTRATION OP SAP AS AFFECTED BY CHLORINE CONTENT 

In a previous report {H, p 108) on the corn-sap studies now under 
way at the Virginia station, attention was called to a fairly close 
relationship between the acidity of the expressed sap and potassium 
fertilization In general, the saps from plots where muriate of potash 
had been applied were most acid (below pH 5 40), those from the 
manure plots vere somewhat less acid, while those from plots where 
no potash materials had been added were least acid. If these obser- 
vations are correlated with the chlorine concentrations in the sap 
(Table 1), it will be found that there is a positive relation between 
(1) the amount of chlorine supplied by the fertilizer, (2) the chlorine 
content of the expressed plant sap, and (3) the hydrogen-ion con- 
centration of the sap. The saps from the plots winch received 
muriate of potash were more acid than the others because the large 
amount of chlorine supplied by the fertilizer caused a large accumula- 
tion of chloride ions within the plant. Manure supplied less chlorine, 
(uuKsed a. smaller accumulation of chloride ions within the plant, and 
a U»wer degree of acidity. Where no chlorine was applied in the 
fertiliz(U‘, there was little accumulation of chloride 10ns within the 
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because it is well known that although these elements enter into 
organic combinations to some extent m the plant, they generally 
remain dissolved m the cell sap and are therefore subject to oxtrac*- 
tion with this part of the plant These differential capacities of (‘orii 
and tobacco for absorbing chlorides from the soil solution are un- 
doubtedly characteristic of the two species of plants and inherent in 
them Harris and his associates (5, 6, 8) found that Egyptian cottons 
have a larger capacity for absorbing chlorides than do upland cottons. 
Upon crossmg these two types of cotton, they found this character 
to be heritable, the Fi progeny were intermediate and the F 2 progeny 
showed segregation for the abihty to absorb selectively either chlo- 
rides or sulphates 

RELATIVE ABSORPTION OP CHLORIDE AND SULPHATE IONS 

A number of investigators have shown that plants absorb the 
chloride ion much more readily than the sulphate ion Reference to 
such work will be hunted here to the controlled culture work of 
Hoagland {9} and Hoagland and Martin (10) at the California sta- 
tion and to the extensive field experiments of Garner and his asso- 
ciates (1) in the United States Department of Agriculture The 
results obtained by these men, as well as those of many others, show 
that the greater absorption of the chloride ion is not limited to a 
few species of plants, but is quite common throughout the plant 
kmgdom The only exception that has come to the wiiter’s attention 
is the larger sulphate content found by Hams and Jus associates 
(4, 5, 8) in the leaf-tissue fluids of cotton plants grown on alkali 
soils in Arizona 

In order to learn whether the general experience of other workers 
concerning the relative absorption of chloride and sulphate ions was 
true of the corn plant, an attempt was made to deternune the sulphate 
content of the sap samples gravimetrically It was soon found, how- 
ever, that the saps contained such small amounts of sulphates that, 
it would be impossible to make quantitative detorinmations unless 
large samples were used Even the saps from the treated end of 
plot 4, where 200 pounds of sulphate of ammonia have l)een applied 
annually since 1914, were practically devoid of sulphates. Pivvious 
analyses for other materials consumed nearly all the sap a\ailable, 
and since neither nephelometric nor micio e((iupment suitabh* for 
determining small amounts of sulphate was available, it. was im- 
possible to make quantitative estimations of the siilphal.e conttml 
of the various sap samples It is clear from this evpi'nem^c^ and from 
the fact that 10 c c of sap was sufficient to as(*ert}un t.he (diloiim* 
content of the samples, that the chloride ion is much more ahumhmt 
m the sap of corn plants than is the sulphate ion. It is well known 
that some of the sulphur contamed in sulphates is transformed udo 
certain proteins and glucosides within the plant, but it js \oty im- 
probable that such utilization would account for the Jarg(' dilferern’cs 
observed in the chloride and sulphate content of the saps from tin* 
various plots. The relative ease with which muriate of potnsh ami 
farm manure increased the chlorine content of the sap and tin* failun* 
of sulphate of ammonia to increase the sulphate content appreciably, 
makes it quite clear that corn plants absorb the chloride ion much 
more readily than the sulphate. 
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plant, and the expressed sap was still lossaoid. It is chair, then, that 
because of the relative ease with which the corn ])lnnl ahsorlis and 
accumulates chloride ions, the amount of chlorides at its disjiosal is 
one of the important factors ^overninji; the reaction of 1h(‘ cell sap 
The soihs supply of sulphates, on the other hand, ap}>aj‘(mtly [)lays 
very little part directly m determining the reaction of the sa]) of corn 
plants, because of the difficulty with which this ion is absorbed 
The observations reported hero wnth reference to a positive (Cor- 
relation between hydrogen-ion concentration and chlorine content 
of the sap of corn plants are in accord with those of Harris and his 
associates (7, 8), wdio found that the leaf-tissue fluids of Egyptian 
cottons have a higher chlonne content and are more acid than those 
of upland cottons 


SUMMARY AND CONCLUSIONS 

The use of fertilizers containing chlorine increased the chlorine 
content of the sap of corn plants The increase is partially propor- 
tional to the amount of chlorine supplied by the fertilizer 

Many of the sap samples contained slightly more chlorine in Sep- 
tember than in August Where muriate of potash had betm used, 
there was a slight decrease in chlorine content during Scjitember 

Chlorine added in muriate of potash approximately 15 years ago is 
stih exerting a residual effect on the chlorine content of the plant sa]) 
There is a tendency for this residual effect to be inversely ]U‘opoitional 
to crop yields 

The chlorine supplied by manure 15 yeais ago is exerting no residual 
effect at present 

The sap of corn plants contains approximately one-fouitli as much 
cjilonne as potash Muriate of potash increased the chlorine: potash 
ratio slightly, while manure lowered it slightly. 

Fertilizers containmg sulphur failed to cause an appreciable accu- 
mulation of sulphate ions in the sap of corn plants 

Corn plants absorb the chloride ion much more readily than the 
sulphate ion 

As the chlorine content of the sap increases, the hydrogen-ion 
concentration increases also 

LITERATURE CITED 

(1) Garxeb, AV AV., McMurtrey, J E Jr , Bowlino, J I) , and Mokh, E i\ 

1930 r6le of chlorine in nutrition and ciKowTn of the T0B\('<M> 

PLANT AND ITS EFFECT ON THE QUALITl OF THE CHREl) LEAF, 

Jour Agr Research 40 627-648, illiis 

(2) Hager, G , and Stollenwerk, AV 

1930 IN welchem masse konnen dee iMMONi \ ks\lj;k dex hoden 
DURCH DIE BEVORZUGTE AUFNAHME DKh ^MMOM II M K ATI ONS IM 
VERGLEICH ZUM anion VERSAURN? — EIN BEITKAO ZUK EUKLNNT* 
NIS DER NAHRSTOPF-AUPNAHME DUIU’H DIF PFLVNZLN Zth(*hr, 

Pflanzeneniahr u Dungung (A) 17 [129]-165 

(3) Harris, J. A 

1925 THE accumulation of chlorides in the LKVF tissue FiatIDS OF 
EGYPTIAN cotton WITH THE MARCH OF THE SEASON Soc. 

Expt Biol and Med Proc 22 415-417, 

(4) Hoffman, C, T , and Hoffman, AV P 

1925 SULPHATE CONTENT OP THE LEAP-TISSUE FLUIDS OF Ecai'TUM AND 
UPLAND COTTON Jour Agi Rcscai (*h 3 1 : 653 661. 



INDEX 


Page 

Awiie AoW- 

aiul Vyroiigneoiis Acid, Conriparfson with 
pormaUinhjdo as Soil Disinfectants. 

William L. 671*578 

In soil, oilect on damping oH of red pine 

seedlings™ 676,677-678 

Age - 

alialfa seedlings, Influence on cold resist- 

, ance 434-435 

dairy cattle, effect on blood-sugar com 

, tcnt.._ 369,364 

Agricultural Research, Use of Photographic 

Light Box, A, B, Groves 407-476 

Axnm Glenn a., and Fat, a. C,— 

Kffect of Light on the Reduction of 

M eth\ lene Blue in Alilk . 86-96 

Factors Influencing the Changes in Oxi- 
dation-Reduction Potential on the Re- 
duction of Methylene Blue in Milk 71*83 
Alenrone color, in corn, genetioal study™ 496-^8, 602 
Alfalfa seedlings— 

age, induenoo on cold resistance * 434-435 

free/ing, experiments 431-436,438-441,444 

handling after freezing, methods 441-442 

hardening, experiments-™™™ 436-439 

planting and growing, experiments..™.™. 429-481 
survhal after freezing, factors alTectlng™. 431-434 
Alfalfas— 

cold resistance, 442*444 

Seedling. ComparatiTe Hardiness in, 

Method for Determination by Con- 
trolled Hardening and Artlflcial Freez- 
ing. George L. Peltier and H* M. 

Tysdal™.*...,......... 429-444 

Algae, effect on mosdulto breeding rat® 

and plankton content of water 391-393 

AtifAtA, JOaara B,: Life History of the 
Rabbit Stomach Worm, Obdiscoides 

mniciUl - 401-419 

Am, ARP, E. A.: Flowering Behavior of the 
Hog Peanut in Response to Length of 

Day J............. 127-X37 

Au^f N. RutE F., A CitologW Study of 
Eetmthaliism in Pumlnia frlffclM.....™ 733*764 
AUmmtk r&didm, growth on Carrots In 

storage 896,902-906 

Ammonia nitrogen, content of decomposing 

U4,ui,M9,i20 

Aitmonitttti on chlorine 

contpt of oorimp* tiply™.*....,....,.. 9t9-92i 
Amvlk mmrdma'-^ 

(rnad ), strawberry Uaf Roller in Hew 
Jewey, Biology and Habits. David IL 
Fink............,.....-......-.....™.. 641-668 

synonymy.....,.,,......-.*— - 643 

m also Htrawberry leaf roller. 

Ancflmtmd mninum* «heathing in ani- 
line stain. 409 
Andropogoncfti, genera of» <mromo8ome 
numbers, study. 82X 
Aniline stain, effect On laryae of— ^ 

An<mkdomd caninttw....... . 409 

QUmcMAm mnUttk 408-409,4X8 

b^ecf&laotort affecting 388,391-896 

larvae— 

abundance, liempowture 

on. 382-388 
ftflaptability to breeding places......;^- 

flssention, studios and results... 396-398, M 

imVitady.............. - — 396-^98, 399 

protCOTTOft, wious factors...-....-.- 388-391 
Iwval rates, eomparteon with plankton 
content <rf water— — . 386^7 

Tb®fe AT!!!!!".!!!: 


Page 

Anth®ls, Tomato, and Blossom Drop, Re- 
lation to Temperature, together with a 
Histological Study of the Pistils. Ora 

Smith 183-190 

Anthocyanin Pigment in Maize, Factors 
Affecting, Additional Pair, Merle T. 

Jenkins - 496-602 

Anthony, R. D., and Cl\rke, W, S., Jr.’ 

Growth Record of Fertilized Apple Trees 

Grown in Metal Cylinders — 245-266 

Apparatus, photographic, for uniform light, 

d®cription and operation 467-470 

Apple— 

and Pear, Blsinoe on. Anna E. Jenkins.. 689-700 

leav®, injury by oil spray. 777 

Trees— 

Fertilized, Growing in Metal Cylin- 
ders, Growth Record. R. D. An- 
thony and W. S. Clarke, jr..... 246-266 

growth and yield records, correlations.. 263-266 
leaf weight and branch elongation, 

records 252-267 

planting and care, in fertilizer study... 246-248 
tops and roots, weight, measnrement. . 268-261 
trunk diameter, increase, measure- 
ment— — 267-258 

Appl®, weight, measurement — 262-263 

Ash canker— 
disease- 

damage to trees 702,703 

treatnient, recommendations 721-722 

organism, t®t8 and comparisons with 

olive-tubercle organism 708-721, 722 

Ash Trees— 

Canker of, Production by Variety of 
Olive-Tubercie Organism, Bacterium 

mvastanoi. Nellie A. Brown 701-722 

inoculation with Bacterium sapastanAf 
experiments 704r-708 

BucUlue^ 

mrctomus, growth on carrots in storage, 

Study.—.-—.--.-.....—... 861,863, 

871, 879-886, 890, 891, 896-897, tOO-OOA 9W-910 
sp., cause of spoilage of dressed ducklings, 

siudy - 914,918 

Bacteria— 

phytopathogenic, disintegration of cell 

walls-...,-.*— - 626-031, ©2 

Soil, number in decomposing green ma- 
nure* study 113, 116, 118-119, 120 

Bacterial- 
blight of beans— 

causal organisms, study.— — * — — 0O6-©2 
symptoms caused by three bacteria...# 606-607 
Diseases of Bean, Three, Comparative 
Patholo^cal Histology. W. J. xau'- 

meycr....— 606-632 

soft rot, of carrots, development, experi- ^ 
ments— * 861-863, 879-886, 896-m 9CM10, 911 
Badeiiumr^ 

fiaccumfaciem^ , 

comparison with Bad, meaimprm 
phaieolicola and Bad ptowfi.— ... 606-632 
remtion to boat tissu®...—*.- 618*6:fe,631-©2 
medicagtn^it phmeoUcblar* 
comparison with Bad* flaemnfadem 
and Beef, ptoeolL. 

relation to host tissues™.,... ... 613*618, 631-632 

pfiMmli-’ „ ^ , 

comparison with Bad* ftmcmfaclm 
and Bad, p/iasecwte.... 

relation to host tisOTes....—— 608-6x4 63i*©2 

iwasfanci— 

compai^on with BadMp^m madanm 
firadni, a.var. 721, TP 




Index 


935 


Page 

C’hickw»'fd, at1.ctniatcd curty-top 

vims tlirotigh, ell’act o,u virulence-', 766-706 
Cliloriiie-— 

(NtnteuI, Sjip uf (,'om Plants, Eflect of 

N. A. }\dlinger 919-931 

clllcjicv us <ii sinfcctnnt t»f dmsod ducks-. 914-917 

I'liloroiu'iyll - 

dcllckuu'ies of harley'-* 

liitcrreitttionsh'ip, 461-466 

rolfttlon to oilier Ijotauleal (diaraeterH. „ 466-468 
dcllclcncy of iobaceo""- 

liiheriinncc aiudy-...« 477-493 

rcccsHive <‘ausc 484-493 

{'hnniiosimnw— 

ahcrmtioiiH in wheat strains, study.. 797,801-830 
in (Iruas Sorghums. A. E. Lougloy..... 317-321 
Clarkk, VV. S., Jr,, and Antuony, R. !■).: 

(Irowt h Uccord of Fertilised Apple Trees 

(Iruwu in Metal Cylinders 246-266 

('old, etrect on Obeliscoides larvae..... 405-407,418 
Cot.K, J. R., and Dkmahkk, J. B.: The 

Downy Siiot Disease of Pecans 139-146 

('olloid, separat ion from peat samples, pro- 
cedure... 99 

Colloids, Dispersahle Organic, In Peats, 

Cdiaracii'ristios. Wilbur T.. Powers 97-111 

Color in- - 

corn, genetkial study... 495-602 

tobacco, Inheritance study 477-493 

CoiupostH, conipositiou, chemical and 

I organic 105-100, 109 

/ Conifer ScedliTigs, Relation to Alyeorrhimo. 

PlcluiTd E. Me Anile.. 387-310 

Conifers, growtJi, relation to light intensity. 227-244 
Goni.ainers, types for growing alfalfa seed- 
lings, elTect on their survival- 431-434 

(lopper-eurbonutc, tise in control of sorghum 
'kernel sinut... 10 


Corn-' 

and BoylitMiu Rations, Yeast and (Yvsein 
Bupiilenumts it), Eilect of l‘>,e<ling to 
Ruts and Bwine, (diaries I*. Hhrows- 
bury, (daude M. Vestal, and Sigfred 

M. Hauge. , ..... 267-274 

nnthocyunin iiiginent, factors atreeting— 495-602 
breeding for— 

glosHliiesH, study-. 167,173 

pigmentation studies — 495-502 

eolors, gentdical study 496-602 

phosphorie acid content, elTeet. of fertiliwir 

treat immts 680-681 , 682-683, 686-587 

plants— 

absorption of chloride and sulphate 

lomv. ... ................ 928-929,930 

Bap, (dih)riue Cdinient, Effect of P'erti- 
ID.erti. N, A. Pettingcr.,.,. 919-931 

KUp-' ' 

chlorinoitotash .mthi, elTect of fertilizer 
treatroente.* 926-928,930 
l,iydrogcn-ion concentration as alleoted 

by chlorine content..* 929-930 

seed lings, glossiness-- 

inheritance studies 167, 171“t73 

phys'leal properties — 168-169, 173 

yields from glossy and normal plants, 

(jom parlson 169 

Corncol'), color, source-. 499,602 

Cotton-"” 

bolbweight, correlation studies. ......... 623-627 

breeding, use of correlation coefficients... 626-627 
fertilDiUion, selective— 
difl'ercntJal survival of homozygotes and 

heterozygotes.... .... 196-196,223,224 

'factors aiweting, experiments.... 206-216 

fertilizers,^ ''irregular distribution, oflects, 

A. Mehrlngand 0.,A. Cumings-... 659-670 

tertili'/ing ox periffiOnta- 669-670 

gerniination, relation to fertilizer diatribu- 

tlon»... - 662-664,670 

growth and bloom, relation to fertilizer 

distribution 664-666, 670 

Lint Characters, Correlations and Thoir 
Practical A pplication. G . N, Stro'man. 623-627 
Pima, germmatlon iaihavior at low 
tompeiaturoa ....... 372, 374, 376, 376-377, 379, 380 

idania. Root Constriction of, in Sim 
Joaquin Valley, California. J. W. 

Hu bbard 39-47 


Page 

Cotton— Continued. 

Peillen, Antagonism in, Thomas 11. 

Koarney and George J. Harrison 191-226 

pollens— 

compatibility, indication by fertiliza- 
tion 192-194 

viability teats „ 194 

varieties, germination behavior at low 


yields, relation to distribution of fertilizer 


Cottonseed- 

age, elTect on germination in the cold .... 379-380 
Germination at Low Temperatures. C. 

A. Ludwig 367-380 

Cream, oxidation-reduction potentials, rela- 
tion to— 

concentration of sugar, experiments 80, 81 

sunlight 87-88 

Crossbreeding— 

broouicorn, for height inheritance 13-20 

tobacco, in study of White Burley char- 


wheat for— 

resistance to hunt 121-126 

nist resisiance and desirable agronomic 

eh aract ers 797-830 

Crosses— 

Interspecific, of Wheat, Variability of 
Strains Derived from, Cytologic and 

Genetic Studies. LeRoy Powers 797-831 

Wheat, White Federation with Turkey, 
Inheritance of Resistance to Bunt, 

Tilleiia tritici Fred N. Briggs 121-126 

(..vuMiNGs, G. A., and MicfriUNU, A. L.: 

ElTects on Cotton of Irregular Distribu- 
tion of Fertilizers 659-570 

Curly-Top Virus, Attenuated, Restoration 
of Virulence by Passage through Stellaria 

media, O, F. Lackey 756-766 

Cyanophyceae, eU'oet on abundance of 

mosquito larvae 393 

Cyliuders, metal, u.se in growing apple 

Hjtfi <lK1.„ORO 


billty of Wheat Strains Derived from 
Interspecific Crosses. LeRoy Powers. .. 797-831 
Oytological Study of Heterothallisni in 
Pucemia tritkina. Ruth F. Allen 733-764 

Dairy Cows, Blood-Sugar Level, Factors 

Influencing 357-365 

Damping off, .seedlings, prevention by 
disinfectants 672-675 


Daniku, Ehtukb Pkterson, and Mun- 
SKLL, Hazel E.: OTie Vitamin A, B, C, 
and 0 Content of Sultanina (dTioinpson 
Seedless) and Malaga Grapes and Two 

Brand.s of Commercial Grape Juice 69-70 

Darkness, effect on oxidation-rsduction 

potential of milk 91-93, 95 

Date iialm. Slee Palm, date. 

Day Length, Effect on Flowering Behavior 

of ikog Peanut. H, A. Allard * 127-137 

Ddbris in bayoms, effect on mosquito breed- ■ 

ing rates and plankton content — 391-393 

Dehiscence— 

Linum rigidum, mechanism 21-26 

of Boll of Zinum rigidwn and Belated 
Species. A. C. Dillman and J. C. 

Brinsmade, jr---„ — 21-27 

Demakeb, j. B., and Cole, J. R.: The 

Downy Spot Disease of Pecans 139-146 

Dkmeritt, D. B., and McIntyre, A. C.: 

A Simple Method of Constructing Tree 

Volume Tables- 629-639 

Dkmikg, G. W,; Robertson, D. w.; and 
Kooncb, Dwight: Inheritance in Barley. 445-466 
Desiccation, effect on Ob6liseoideslarvae.407-408, 418 
Diet— 

fish-meal, effect on growth of rats 692-603 

protein, effect on rats and swine, experi- 
ments and results - - 269-273 

Dillman, A, 0., and Brinsmade, J. C,, Jr.; , 
Dehiscence of the Boll of Limm rigidum 

and Related Species — . — 21-27 

Disinfectants, Soil, Acetic Acid and Pyro- 
ligneous Acid, Comparison with Formal- 
dehyde. William h, Doran 671-578 



934 


Journal of Agricultural lienraivh 


rage 

JBaciermm—Gontlnxied 
Bavastanot-^ConUmed, 
iraxiTii, n var , comparison with Bac- 

tenum Buoastanoi 72t,722 

Variety of Olivc-Tuberdo Organibiti, 

Cause of Canker of Ash Trees. 

Nellie A. Brown 701-722 

Barley- 

botanical characters, Interrelationship.— 458-460 
Catalase Activity, Eelation to Growth 

Curve MemttN Pope.— ^-..348-365 

chlorophyll deficiencies— 

interrelationship * 451-466 

relation to other botanical characterb,. 466-468 

Growth Curve Merritt N Pope 323-341 

Growth Curve, Eelation to Catalase 

Activity MemttN Pope 343-366 

Inheritance in D W. Eobertson, G. W, 

Demine, and Dwight Koonce 446-466 

Mendelian characters, inherit- 
ance - 448-461,466-466 

phosphoric acid content, effect of fertlliiser 

treatments 681-682,683,886 

plant- 

developmental stages 327-329,832-336 

growth measurement, method and reli- 
ability of data 323-326 

length, growth studies 329-831,888,339 

weight, growth studies 332-336,838,339 

seedlings. Injury by oil spray, experi- 
ments 776-780,783-788 

Bean- 

Bacterial Diseases, Three, Comparative 
Pathologloal HBitology. W. J. Zau- 

meyer * 605-632 

Growth and Susceptibility to Dry Root 
Hot, Relation to Hydrogen-Ion Con- 
centration of Soil waiter H Burk- 
holder. - * 176-181 

leaves. Injury by oil spray, experi- 
ments 776,778,779 

plants, invasion by bacteria, comparative 

study - 608-625 

seed, bactenai blight, symptoms. 605 

seedlings, bacterid bli^t, symptoms 606-^7 

BuscepSbility to Dry Boot Rot, and 
Growth, Relation to Hydrogen-Ion 
roncentrallon of Soil. Walter H. 
Burkholder 176-181 


bwjterlal blight, causal organisms, study. 606-632 

I4mar- 

Baby, Thresher Iniury H, A, Borth- 

band-eawM, ^S&ng IniiSieB! IIiri66-509, lio 
thredied, seedling Injiiries, types. ..... 

^ ^ . 607,60W10 

yields, relation to hydrogen-ion concen- 
tration of the soil 176-181 

Beets— 

infection with curly-top virus attenuated 

and restored 766-764 

sugar content, determination bv sam- 

pUng, method 633-647, 658-^61, 663, 664-668 

BEpuR, E c., Mavn^bi), l a j and 
McOay, C M Vitamin A and Protein 

Content of Various Fish Meals 691-603 

Black rot, development on carrots m 

Storage 890, 901-902, 911 

Black scorch of date palm— 

pathoMne. desertption. . 163-104, 165 

pathological histology and control 164-166 

symptoms,. ..... 166-161 

TIMaioiopsis paradoxa as Cause. l"Y 

Hotz and H S Fawcett 165-166 

Blackberry, damage by strawberry leaf 

roller. .... 542 667 

Blair, A W , and Princr, A.'LVTheln- ' 
nuen<^ of Pha?phates on the Phosphoric 

Acid Content of the Plant 679*690 

Blanching, peanuts, effect on antineurltie 
vitamin-.,..........,..,,.,, _ 85g<.S54 sac 

Blood, dned, effect on chlorine content of * 

corn sap, oiroerimente 019-921 

BIood-Rugar Level, Dairy Cattle, Factors 
Influencing E B. Hodgson, W H. 

Riddell, and JT, S. Hughes 367-366 


Blossom Drop, Tonmto, ujui Anlhr^is 
llclution to Tempmture, Ihcr w If h a 
Tllstological Htmiy of the l’i4iL <»ia 

Hiuith.... . . JSH lUO 

Borth wu'ft, U A j Thrasher luJur^ in 

Baby Lima Bcaim .... 6oa 610 

Boirym -» 

cin^rta, growth on mrot*^ in 'loraga, 
experiment. ... 86i,H6:i,K8« 9 (hj, 902 oan,iuo 
rot, dovolopmont on carrots , , , h(M^ 

863, 8K6 906,9117,910 91 1 
Bradley, G. H.; Borne Factors AsHwIatcd 
with tho Breeding of Anopheles Mos- 
quitoes 381 399 

Breed, dairy cattle, effect on blood-sugur 

content 369,364 

Breeding— 

Anopheles MQsnultoes,A«8ocl8tcd Factors. 

G. U Bradley 3HK399 

broomoorn, for height inheritance. ....... 13-20 

corn for— 

glossir ess, study 167 173 

study of pigraentotion 4116* 602 

cotton, use of oorrelaHon coeffleiefiti. . .. 626-627 
tobacco, for inheritance of White Burley 

character 479-493 

wheat, for resistance to bunt 121 42$ 

Beioos, Frbd N/ Inheritance of Itoslst* 
ance to Bunt, Tilletk tritku In Crosses of 
White Federation with Turkey Wheats 121*12$ 

Brwsmape, J 0 , Jr , and Dillman, A. C.* 
Dehiscence of tho Boll of Lfnum rioidum 

and Related Species 21-27 

Broomcorn— 

crossbreeding for height Inheritance 13*20 

Height, Jteheritanoe. John B. Siegliuger 13-20 

Brown, Nislub A Canker of Ash Trees 
Produced by a Variety of the Olive* 
Tubercle Organism, Bacitrium tama- 

ianoi — 701 722 

Bud scorch, of date palm- 

cause and symptoms. 167 

dfetelbution...-.-. 16$ 

Bunt, TUtetid friffcl, Resistance to, Jnher* 

Itance in Crosses of White Federation 
_ with Turkey Wheats. Fred N . Briggs. . 121 * 12$ 
Burkholpke, Waltbu H.; Kffeet of Hy- 
drogen-Ion Concentration of the Soil on 
the Growth of the Bean and Its Suaoep- 
tibillty to Dry Root Rot- 173*181 

O^ifornia, San Joaquin V^ley, Cotton 
Plante, Root Oonatriotlon. J. w. Hub* 

^^d- 8W7 

O^ker, of Prod^S? by 

ety of Oiive-Tuber^ft Orptulam, Bmh 
ieriim adtfmttntd. NsHte A. Brown-,-., 791*7J^ 
Owrot, Diseases,^ Storage and Transit, 

Development J.LLaurlteen - 381*913 

Carrots— 

infected 'wdth Ehieppus, comparison with 

infected sweetpotatoes 878-877 

shriveling, effect of humidity— 0(J$«9ft7,9ll. 
stored, losses under various conditions, 

, study ' ftflMii 

varietal susceptibility to infection and 

! decay in storage g§9u, 

870, 877, 886, 893, 903«m 903*911 
Oateln and Yeast, ,«iupplomonts to Corn 
and Soybean Rations feffect on Rats and 
Claude 

H Vestal, and Sigfrod M. Hutigo 207-274 
Catalase activity, barley— 

- »- 

determination 444“a46.363 36fi 

Relation to Growth Ourvo. Mmntt N, 

rope — 343 365 

Cattle, Dairy- 

Blood;SuKar Level, Factors Tnnmmdng 
Hodgson, W. U. Hidden, and 

^J.s, Hughes . anf-Ma 

Grain Mlxtures/on Formulation. inUkas 
a factor. L. A. Moore, C F. lluffmaii, 
and M. M Plum....— , 789-79$ 

Chtmpoikm mumtf, attenuutimi of vims 
of sugar-beet curly top 766 754 



Index 


937 


Page 


Page 


Groves, A. B A Photographic Light Box 

for use in Agricultural Research 467-476 

Growth- 

Apple Trees, Fertilized, in Metal Cylin- 
ders, Records R t> Anthony and W 

S Clarke, jr 245-266 

Curve in Barley— 

Merritt N Pope 323-341 

Relation to Catalase Activity Merritt 

N Pope 343-356 

Guinea pigs, infection with Obeliscoides cu- 
mculi, evpenments- * 414-417,418 


Halverson, J 0 , and Sherwood, F W 
The Distribution of Vitamin B Complex 

and Its Components m the Peanut 849-860 

Hxrrison, George j , and Kearney, 
Thomas H Pollen Antagonism m Cot- 
ton 191-226 

Hauge, Sigfred M , Shrewsbury, 
Charles l , and Vestal, Claude m 
T he Eltect of Yeast and Casein Supple- 
ments to Corn and Soybean Rations 

When Fed to Rats and Swine 267-274 

Hay- 

phosphoric acid content, effect of fertilizer 

treatments 583-584, 685-686 

soybean, phosphoric acid content, effect 

of fertilizer treatments 683, 684-586 

Heat, effect on Obeliscoides larvae 407, 418 

Height in Broomcorn, Inheritance John 

B Sieglmger 13-20 

Henika, F S,; The Inheritance of the 

White Burley Character in Tobacco 477-493 

Herbage, mixed, phosphonc acid treatment 

of, effect 587-688 

Herbs In Minnesota pine forest, nomencla- 
ture 

Heredity— 
and Nutrition, Effects upon Utter Size 
m Swine and Bats* H P Morns and 

DonW Johnson 511-521 

See also Inheritance 

Beterodera radtmcola. cause of tomato root- 

knot 275 

Heterothallism— 

and Hybridization m TilktiatrUicimd T. 

levis H.H Flor 49-67 

in Puccinia irUktnaf Cytological Study. 

Ruth F. Allen 1 73^764 

In Metia experimental results 62-63 

HeterozyKOtes, cotton plants, differential 

survival in fertilization 196-196 

Hibernation, strawberry leaf roller, de- 
scription 662-654,667 

Hicorifl pecan See Pecan, Pecans 
Hodgson, R E , Riddell, W H , and 
Hughes, J S Factors Influencing the 
Blood-St^r Level of Dairy Cattle 857-866 


flowersj description 127-129, 136 

Flowering Behavior In Response to 

Length of Day. H A AllarcL 127-137 

Hokm sorghum. See Broomcorn 
Eomozygotes, cotton plants, differential 

survival in fertilization 196- 

196, 292-206, 217-219, 223, 224 
Horsfall, J G , Kertesz, JC, I , and 
Green, B h.i Some Effects of Root Rot 

on the Physiology of Peas 833-84S 

Hubbard, J. W, Root Constriction of Cot- 
ton Plants in the San Joaquin Valley of 

Cailfornia 39-47 

Huffman, C F , Moore, L A ; and 
Plum, M M Bulk as a Factor in For- 
mulatmg Gram Mixtures for Dairy Oat 

tie 789-796 

Hughes, J s , Hodgson, R. E., and 
Riddell, W H Factors Influencing the 

Blood-Sugar Level of Dairy Cattle 357-365 

Humfield, Harry, and Smith, Nathan 
R ; The Decomposition of Vetch Green 
Manure m Relation to the Surrounding 

Soil 113-120 

Humidity- 

effect on shriveling of c-arrots 906-907, 911 

w relation to fungous infection of carrots in 

storage 868-869, 886, 892-893, 909, 910, 911 


Hybridization and Heterothallism m Til^ 

letia tritici and T. levis H H Flor 49-67 

Hydrogen-Ion Concentration of— 

Soil, Effect on Growth of Bean and Its 
Susceptibility to Dry Root Rot 

alter H Burkholder 175-181 

water, relation to piosence of Anopheles 

larvae 394-396,399 

Hypochlorite, elTiciency m controlling slirai- 
ness of ducklings 915-91C, 918 


Ice, specific heat, table 680 

IMMER, P R — 

A Study of Sampling Technic with Sugar 

Beets 633-647 

Si7e and Shape of Plot m Relation to Field 

Experiments with Sugar Beets 649-668 

Infection of— 

guinea piffs, with rabbit stomach worms, 

experiments 414-418 

rabbits, with stomach worms, experi- 
ments 409-413 

Inheritance — 

glossiness in corn seedlings, study 167, 171-173 


m Barley D W Robertson, G W 

Demmg, and Dwight Koonce 445-466 

litter size m swine and rats, study 511-620 

Resistance to Bunt, THletia triticl, m 
Crosses of White Federation with Tur- 
key Wheats Fred N. Briggs 121-126 

White Burley Character m Tobacco F 

S Hemka 477-493 

Inoculation — 

carrots, with storage-rot fungi, experi- 
ments 864-911 

oat varieties, with covered and loose 

smuts, study 148-150 

pecan leaves, with Cermporellacaryigena. 144-145 
sugar beets, with Phoma betae^ tempera- 
ture studies 29-37 

Insecticides, injury to foliage, study 773-786 

Irrigation, effect on root constriction of cot- 
ton plants 40-47 

Jenkins, Anna E Elsinoe on Apple and 

Pear 689-700 • 

Jenkins, Merlf T An Additional Pair 
of Factors Affecting Anthocyanm Pig- 
ment in Maize 495-502 

JOHNSON, Don W , and Morris, H P 
Effects of Nutrition and Heredity upon 

Litter Size in Swme and Rats 511-621 

Johnson grass, chromosome numbers, 


Forms of Kernel Smut (sphacelotheca 

eorgAO of Sorghum.,.-. - 1-13 

Jones, Linus H The Effect of ♦Environ- 
ment on the Nematode of the Tomato 
Gall 276-286 


Karyotin, Marquillo wheat, extrusion, 80^h806,829 
Kearney, Thomas H , and Harrison, 
George J Pollen Antagonism in Cotton, 191-226 
Kernel Bmut— 

(Sphmelotheca sorgh) Of Sorghum, Phy- 
siologic Forms, Study L E Melehers, 


0 H. Fieke, and C, 0 Johnston.,-,-, l-il 
physiologic form^ key for identiflcation. 6 
Kertesz, 7j. I , HORSFALL, J O , and 
Green, E L, Some Effects of Hoot Rot 

on the Physiology of Peas 833-84$ 

KiFER, Hilda Black, and Munskll, 

Hazfl E ‘ Vitamin Content of Three 

Varieties of Spinach,, 767-771 

KiQTZ, L J , and Fawcett, E H Black 
Scorch of the Date Palm Caused by 

Tktelatiopsis paraiom 166-106 

Koonce, Dwight, Robertson, D W; 
and Deming, G W. Inheritance in 
Barley, 446-466 

Lackey, C F. Restoration of Virulence of 
Attenuated Curly-Top Virus by Passage 
through SLellaria media 756-765 


936 


Journal of Agricultural Research 


Page 

Disinfection, dressed ducks, experiments-. 914-918 
Doran, William U Aeetie Acid and Pyro- 
ligneous Acid in Comparison with For- 
maldehyde as Soil Disinfectants 571-578 

Downy Spot- 

Disease of Pecans, J B Demaree and 

J R Cole 139-146 

of pecans— 

causal fungus, study 141-146 

economic importance and description.. 139-141 

Ducklings, dressed, spoilage, cause and pre- 
vention 913-918 

Ducks— 

Dressed, Spoilage by Sliminess W 

Mailman 913-918 

spoilage, cause and prevention 913-918 

Dye, concentrated, effect on oxidation- 
1 eduction potential of milk 77-80,82,80-91 

Elsmoe— 

on Apple and Pear Anna E Jeukans... 689-700 
See also Plectodtscella -pm 
Excitement, ilairy cattle, effect on blood- 

sugar content 363,364 

Ezorista pyste^ parasitism on larvae of 
straxv berry leaf roller 556 

Falmta comosa See Hog peanut 
Fasting, dairy cows, effect on blood-sugar 

content 361,364 

Fat, content of milk, effect on reduction of 

methylene blue 75-77,82 

Fawcett, H S , and Klotz, L J Black 
Scorch of the Date Palm Caused by 

Thielaviop$ts paradoxa 165-166 

Fay, a C , and Aikins, Glenn A — 

Effect of Light on the Reduction of 

Methylene Blue m Milk 85-95 

Factors Influencing the Changes m Oxi- 
dation-Reduction Potential on the Re- 
duction of Methylene Blue m Milk. — 71-83 

Feeding, dairy cattle- 

effect on blood-sugar level 360-361,364 

value of bulk m gram mixtures, experi- 
ments 789-796 

Fertilization, cotton, experiments 191-224 

•Fertilizers— 

apple trees, experiments 245-265 

^plication to cotton plants, experiments. 659-570 
Effect on— 

Chlorine Content of Sap of Corn Plants 

N A Pettmger - 919-931 

phosphoric acid content of plants, ex- 
periments 679-690 

Irregular Distribution, Effects on Cotton, 

A. L Mehru g and G, A, Cummgs,... 659-670 
relative values for apple trees.. 261-262,285 
PicKE, C H,, Melchers, L. E j and 
Johnston, O O a Study of the Physio- 
logic Forms of Kernel Smut (Sphace- 

(tthectt sorght) of Sorghum 1-11 

Fink, D xvid E Biology and Habits of the 
Strawberry Leaf Roller, Ancyhe compianu 

(Froel ), m New Jersey 641-6S 

Fish meal- 

diet, effect on growth of rats 592-603 

protein content, nutritive value.,... 596-602,603 
rations, effect on ammals, experiments .. 724-732 
Fish meals— 

analyses 7^ 

Nitrogen-Balance Studies Burch H 

Schneider 723-732 

protein efficiency, experiments on- 

rats 724-728,731-732 

swine 728-732 

Vitamin A and Protein Content L A 
Maynard, R C Bender, and 0 M. 

MeCay 691-003 

Flax- 

boll, dehiscence, studies 21-27 

yellow-flowered See Linum nmdum 
Floe, H H • Heterotiiallism ana Hybrid- 
ization in TMia iriUci and T ffirie,.*... 49-67 
Flora, bacterial, in milk, effect on the form 
of potential time curves 74-75,82 


Page 

Flowering- 

barley, effect on growth 338 

Behavior, Hog Peanut, in Response to 

I^ength of Day, H A Allard 127-137 

hog peanut, seasonal relationships 128-129 

Forage, corn, phosphoric acid content, ef- 
fect of fertilizer treatments 582-583 

Forest- 

mensuration, volume tables, construction 

method 629-538 

Norw’ay Pme, Light Intensity, Relation 
to Plant Growth Hardy L Shirley . 227-244 
trees, Minnesota pine forest, nomencla- 
ture 228 

Forests, ground cover, classification under 

different light intensities 211-242,243,214 

Formaldehyde, Comparison with Acetic 
Acid and Pyioligneous Acid as Soil Dis- 
infectants William L Doran 671-678 

Fraxinus americana See Ash trees 
Freezing- 

alfalfa seedlings, experiments. 43(H35, 438-441, 444 
Artificial, and Controlled Hardening, 

Method for Determining Compaiative 
Hardiness m Seedling Alfalfas George 

L Peltier and H M Tyscial 429-444 

Fungi, species forming mjoorrhizae, list— 296 
Fusanum— 
mariit pkaseoH-— 

virulence 176 

See also Boot rot, dry, of beans 
rot, development on carrots in storage .896-906, 911 

Genetics, wheat, studies 797-830 

Germination- 

cotton, relation to fertilizer distribution.. 662-664, 

670 

Cottonseed at Low Temperatures— 

C A Ludwig 367-880 

test methods 367-370 

effects of soil disinfectants on 575-570 

Glossy Character (gh) in Maize and Its 
Linkage Helations H L Thomas — .. 167-173 
Glucose, feeding to dairy cows, effect on 

blood-sugar content 361-363, 364 

Goose-foot, nettle-leafed, attenuation of 

curly-top virus 766-765 

Qossvpmm nankingf germination behavior 
at low temperatures - .... 373, 376, 376, 378, 379, 380 
Grain- 

Mixtures, Formulation for Dairy Cattle, 

Bulk as a Factor L A. Moore, O F 

Huffman, and M M Plum 789-796 

phosphoric acid content, effect of fertilizer 

treatments — 680-687 

Grape- 

diet, effect on longevity of rats... . . 60, 61-63, 67-69 
Juice- 

Commercial, and Sultanina (Thomp- 
son Seedless) and Malaga Grapes, 

Vitamin A, B, 0, and G Content. 

Esther Peterson Daniel and Hazel E, 

Munsell 69-70 

diet, effect on guinea pigs 64-66, 69 

vitamin content, experiments 69-70 

Grapes— 

Malaga and Sultanina (Thompson Seed- 
less), and Commercial Grape Juice, 

Vitamin A, B, 0, and G Content, 

Esther Peterson Daniel and Hazel K. 

Munsell 69 70 

vitamin content, experiments 69-70 

Grass Sorghums, Chromosomes in A, E 

Longley 317-321 

Gray-mold rot of carrots, study 886 895, 

898-900,007,910 

Green, E. L , Horsfall, J G ; and Kkh- 
TEsz, E. I.. Some Effects of Boot Rot on 

the Physiology of Peas 833 848 

Green, Jesse B . Chemical and Physical 

Properties of Petroleum Spray Oils 773-787 

Green Manure, Vetch- 
Decomposition in Belation to the Bur- 
roundmg Sod Harry Hurafeld and 

Nathan B, Smith U3-120 i 

fresh and decomposing, contents 115-130 




Iridex 


939 


Page 

Norway Pine Forest, Virgin, Light Inten- 
sity, Relation to Plant Growth Hardy 

L, Shirley 227-244 

Nutrition and Heredity, Ejects upon Litter 
Size in Swme and Rats. H P Morris 
and Bon W lohnson SU-521 : 

Oak, red, volume tables, construction, sim- 
ple method 630-538 

Oats~ ' 

Fulghum, susceptibility to newly dis- 
covered race of Ustiltigo lm$ 147, 160, 162 

phosphoric aoid content, effect of fertilizer 

treatments 580-681 

Bed — 

Ustilago Ims and U avenae on. Physio- 
logical Races. George M Reed and 

T R Stanton 147-163 

varieties, reactions to inoculations of 

covered and loose smuts - 148-160, 152 

Obelmoides-^ 

cuntctih^ 

infection of guinea pigs 414-418 

infection of rabbits, experiments 409-413 

Babbit Stomach worm, Life History 

Joseph K Alicata 401-419 

larvae— 

development 402-404 

reactions, experiments 404-418 

Oestrus, dairy cows, effect on blood-sugar 

content 863 

Oils, petroleum spray— 

analysis methods and results 773-776,777 

Chemical and Physical Properties Jesse 

R. Green 773-787 

properties inlurlous to plants, study 781-786 

Olive-Tubercle Organism— 

Bacterium sapastanoi, Cause of Canker of 

Ash Trees. NrflleA.Brown 701-722 

tests and comparisons with ash-canker 

organism.—..-,-- 708-721, 722 

Oxidation-Reduction Potential, Changes 
in. Relation to Reduction of Methylene 
Blue in Milk, Factors Influencing. A, O. 

Fay and Glenn A. Aiklns 71-83 

Pack, Bean A , and Tompkins, 0. M • 

Effect of Temperature on Rate of Beoay 
of Sugar Beets by Strains of JPkoma belae. 29-37 

Palm, Bate- 
Black Scorch- 

Caused by Thkimomii paradoxa 

L J. Klotz and H 8, Fawcett 166-166 

symptoms - — 166-181 

vaneties, susceptibility to black scorch. . 161-163 
Parasites, strawberry leaf roller, descrip- 
tion... 664-666,657 

Peanut- 

hog See Hog peanut, 
kernel parts, vitamin B content, experi- 
ments - — 880-860 

Vitamin B Complex and Its Components, 
Bistribution F W Sherwood and 

J. O Halverson 849-860 

Pear and Apple, Elsinoe on. Anna B. 

Jonkins...... 689-700 

Peas- 

ohemical changes due to toot rot, study. 834, 

836-847 


Physiology, 

Horsfall, 2. 1. Kertesz, and E. L, Green. 833-848 
ripening and quality, effect of root rot, 

^StUdy 834,836-847 

’ RCf 5 Rot, Effects on Physiology J. G. 


Effects of Root Rot. J. G. 


Ilorsfall, 2. 1, Kertesz, and E. L Green. 838-848 
Peat colloids— 

amount and absorptiveness 100 

organic composition and base-exchange 

capacity 100-102,109 

Peats, Colloids in, Bi'spersable Organic, 

Characteristics Wilbur L. Powers 97-lH 

Pcatty materials, base-exchange capacity— 102-103 
Pecan, varieties susceptible to downy spot. 140 
Pecans, Bowny Spot Bisease. J. B. 
Bomaree and J. R. Oole 139-146 


Pettier, George L , and Ttsdap, H M. 

A Method for the Betermlnation of Com- 
parative Hardiness In Seedling Alfalfas 
by Controlled Hardening and Artificial 

Freezing 429-444 

Penicillium rot, development on carrots to 

storage, experiments 896-906, 911 

Petroleum Spray Oils, Chemical and Phy- 
sical Properties. Jesse R. Green 773-787 

Pettinger, N a. Effect of Fertilizers on 
the Chlorine Content of the Sap of Corn 

Plants 919-931 

JPhaaeolue mlgark See Bean, Beans 
Phoentx dactylifera See Palm, date 
Phomn betae— 

inoculation of sugar beets, expenments 29-37 

Strains, Becay of Sugar Beets, Effect of 
Temperature on Rate C M Tomp- 
kins and Bean A Pack 29-37 

Phosphate, rock, effect on- 

chlorine content of corn sap, study. 919-921 

phosphoric acid content of crops 682-583 

Phosphates, mfiuenoe on phosphoric acid 
content of— 

barley 683,686 

com forage 682-883 

Plant A W Blair and A. L Prince... 579-590 

rape-.w - 683,685 

rye 683-684 

soybean bay 683, 584, 686 

Phosphoric Acid- 

Content of Plant, Influence of Phos- 
phates. A. W Blair and A L. Prince. 679-590 

effect on mixed herbage — 687-688 

influence on the phosphoric acid content 

of barley 681-682 

Phosphorus, use in growing apple trees. . . 248-250, 
263-264,257-263,266 

Photographic Light Box, XJse to Agricul- 
tural Research A B. Groves. 467-475 

Photography, value to agricultural re- 
search 468-470 

Photoperlodism experiments with hog 

peanut 127-137 

Pigment, Anthocyanin, to Maize, an Addi- 
tional Pair of Factors Affecting. Merle 

T Jenkins.. .......... ... — 495-502 

Pigmentation, tobacco, mheritanoe study. 477-493 

Pigs, litter size, factors affecting 616-620 

Pine forest, light measurements, correlation 

studies... - 233-242,243 

Pine Forest, Norw^ Virgin, Light Inten- 
sity, Relation to Plant Growth. Hardy 

L toey 227-244 

Pines, myoorrhizae of, types and formation. 298-297 
Plankton- 

content of water, factors affecting. • 

genera, occurrence to Anopheles breeding 

and nonbreedtog waters 387-388 

Plant- 

cell walls, disintegration by phytopatho- 

genic bacterfa 625-631, 632 

Growth, in Relation to Li^t Intensity to 
a Virgin Norway Pine Forest Hardy 

L Shirley ....... — 227-244 

materials, composted— 

oomposltlcn - 106-lGB, 109 

loss of dry organic matter 103-106 

Phosphoric Amd Content, Influence of 
Phosphates. A. W. Blair and A. L* 
Prmoe,......,. 579-690 

sap, sucrose content, determination.. 671-674, 686 
Tissue, Bound Water in, Methods of 

Betermintog J. B. Sayre 669-688 

Plants— 

dry weight, effect of soil disinfectants — ^ 672, 

^ 676-577, 678 

injury by spray oils, study... 773-786 

Plectedieeella piri— 

history and distribution on apple and 

pear....... 689-690 

morphology .... 690-891,697 

taxonomy... .................. ...... 691-896^697 



938 


Journal of Agricultural Research 


Page 

LAXJEIT7.EN, J I Bevf^lopment of Certain 
Storage and Transit Diseases of Carrots. 861-912 
Leaf Roller, Strawberry, Ancvhs comptana 
(Froel), in New Jersey, Biology and 

Habits David E Fmk 641-568 

Leaf rust, of wheat See Puccima tntinna 
Lemna spp , effect on abundance of mos- 

quito larvae 

Light— 

artificial, effect on— 

flowering of hog peanut 133-135, IS"; 

o\idation-reduetion potential of milk, 93-94, 95 
bov, photographic- 

construction and fitting 470-474 

Use in Agricultural Research A B, 

Groves. 467-475 

effect on— 

Obeliscoides larvae 40S 

Reduction of Methylene Blue m Milk 

Glenn A Aikms and A C Fay 86-95 

Intensity, Relation to Plant Growth m 
a Virgin Norway Pine Forest Bardy 

L Shirley 227-244 

measurements, pine forest, correlation 

studies 233-242,243 

Lignin, in peat colloids, base-exchange 

capacity 106-109 

Lima beans See Beans, Lima. 

Limtm — 

Tigidvm-' 

and Related Species, Boll of, Dehi- 
scence A C Dillman and J 0 

Bnnsmade, jr 21-27 

dehiscence, mechanism 21-25 

spp , dehiscence, studies 21-27 

Litter Sue, Swine and Rats, Efiects of 
Nutrition and Heredity H P Moms 

and Don W Tohnson 511-521 

Longley, a E Chromosomes in Grass 

Sorghums 317-321 

Ludwig, C A The Germination of Cot- 
tonseed at Low Temperatures 367-380 

Maize— 

Anthocvanin Pigment, Factors Affecting, 
Additional Pair MeUe T Jenkins... 495-502 
• Glossy Character (gla) and Its Linkage 

Relations H L Thomas 107-173 

Mallmank,W L The Srcilage of Dressed 

Ducks Caused by Sliminess 913-918 

Manure— 

eiTect on chlorine content of corn sap, 

study 919-923, 924-926, 927, 930 

Set' also Green manuie 
Maynved, L a , Bendfr, R O , and Mc- 
Cay, C M Vitamin A and Protein Con- 
tent of Various Fish Meals 691-603 

McAEDiiE, Richard E The Relation of 

Mycorrhizae to Conifer Seedlings 287-316 

McC AY, O M , MAYNARD, L. A and Ben- 
der, R 0 Vitamin A and Protein Con- 
tent of Various Fish Meals 691-603 

McIntyre, A C„andDEMERiTT,D B . A 
Simple Method of Constructing Tree 

Volume Tables 629-589 

Meals, fish- 

protein efiSciency, experiments on- 

rats,.,, 724-728,731-732 

swine 728-732 

Vitamin A and Protem Content. L A. 
Maynard, R. C. Bender, and C M. 

MeCay 691-603 

Mehring, a. L , and Cumings. G . A Ef- 
fects on Cotton of Irregular Distribution 

of Fertilizers 669-670 

Melchers, L E , FicKE, C H , and John- 
ston, C 0., A Study of the Physiologic 
Forms of Kernel Smut (Sphacelotheca 

mghi) of Sorghum I-ll 

Mendelian characters, of barley, inheritance 

studies 448-451,466-466 

Menhaden meal, protein efficiency, study. 723-732 

Metal Cylinders, Growing Fertilized Apple 
Trees in, for Growth Record R D. An- 
thony and W S Clarke, |r 245-266 


72-74 


85-96 


Rage 

Methylene blue in milk- 
effect on form of potential time curves, 

experiments 

Reduction- 
Effect of Light on Glenn A. Aikins 

and A C Bay 86-96 

Factors Influencing Changes in Oxida- 
tion-Reduction Potential A C Fay 

and Glenn A Aikms 71-83 

Microorganisms, number m decomposing 

green manure, study 313-116, 118-119, 120 

Microsporogenesis, wheat, studies 

Milk- 

Methylene Blue m, Reduction- 
Effect of Light Glenn A Aikms and 

A 0 Fay 

Factors Influencing Changes m Oxida- 
tion-Reduction Potential A 0 Fay 

and Glenn A Aikms 71-83 

oxidation-reduction potential, relation 
to— 

alternate light and darkness — 91-93 

artificial light 93-94, 96 

sunlight 87 

yield, dairy cows, effect on blood-sugar 

level 359-360,364 

Moisture, effect on tomato root-knot nema- 
tode 276-279,281-284 

Moore, L A„ Huffman, O F , and Plum, 

M M Bulk as a Factor m Formulating 

Gram Mixtures for Dairy Cattle 789-796 

Morris, H P , and Johnson, Don W Ef- 
fects of Nutrition and Heredity upon Lit- 
ter Size m Swmo and Rats 611-621 

Mosquito larvae, dissection, studies — 396-398, 399 
Mosquitoes— 

Anopheles, Breeding, Associated Factors 

G H Bradley 381-399 

See also Anopheles 
Munsell, Hazel E , and— 

Daniel, Esther Peterson The Vita- 
min A, B, C, and G Content of Sulta- 
nma (Thompson Seedless) and Malaga 
Grapes and Two Brands of Commercial 

Grape Juice 59-70 

Kifer, Hilda Black Vitamin Content 

of Three Varieties of Spinach 767-771 

Muriate of potash, eflect on chlorine content 

of com sap, experiments 919-927,930 

Mycorrhizae— 

formation on spruce and pine under con- 
trolled conditions 297-806 

function in conifer devolopmont, discus- 
sion 287-288,291-293,310-314 

Relation to Conifer Seedlings, Richard 

E McArdle 287-316 

species found on pine and spruce, list-.. 295 

types and occurrence 288, 296 

Mycorrhizal mantle, development on coni- 
fers, study. 305-310 

Mymphaerella caryigena-^ 

description and pathogenicity 141-146 

growth on artificial media, physiological 

studios 146-146 

n comb , taxonomic position and techni- 
cal description 145 

Nematode, Tomato Gall, Effect of Environ- 
ment Linus H Jones 275-285 

Nematodes, resistance to aniline stain 408-409 

New Jersey, Strawberry Leaf Boiler, Ancy*- 
Ik compfam (Froel ), In, Biology and 

Habits David E. Fink........... 641-658 

Nitric nitrogen, content of soil at various 

depths 137,119 

Nitrogen- 

absorption by seedlings, aid of mycorrhi- 
zae, discussion - 311,314 

Balance Studies with Various Fish Meals* 

Burch H, Schneider 723-782 

content of— 

decomposing green manure.—..... 115-U7, 119 

peat colloid, determination 102 

influence on phosphoric acid content of 

barley - 681-682 

use In growing apple trees 2*S-S^0* 

262, 26a-266» 267-263,265 


Index 


941 


Page 

Shrubs, io Minnesota pine forest, nomen- 
clature - 228 

SiBOWNGER, John B Inheritance of 

Height in Broomcorn 13-20 

Silvicultrra, relation to light studies- . . 242-243, 244 
Shim milk, oxidation-reduction potentials, 

relation to sunlight 88-91 

Sliminess, Cause of Spoilage of Hressed 

Pucks W. h Mall'uann 913-918 

Slimy soft rot See Bacterial soft rot 
Smith, Alfred Seasonal Subsoil Tempera- 
ture Variations 421-428 

Smith, Nathan R., and Hxjmfeld, Harry; 

The Decomposition of Vetch Green Ma- 
nure in Relation to the Surrounding 

Soil 113-120 

Smith, Ora Relation of Temperature to 
Antbesis and Blossom Drop of the To- 
mato, together with a Histological Study 

of the Pistils 183-190 

Smut- 

covered, physiologic races on red oats_,. 147-149, 

160,152 

loose, physiologic races on red oats 147, 

149-150, 161-152 

wheat— 

heterothallism and hybridization, 

studies 49-67 

sporidia, formation of, description-.—- 61-53 

Sodium— 

chloride, efficiency in controlling slimmess 

of dressed ducklings 917-918 

hypochlorite, efficiency In controlling 

sliminess of dressed ducklings 915-916, 918 

Soil- 

bacteria, number in decomposing green 

manux^ study- — 113,115,118-119,120 I 

desiccated, effect on tomato root-knot 

nematode - 280-281 

Disinfectants, Acetic Acid and Pyrolig- 
neous Acid, Comparison with Formal- 
dehyde. William h Doran - 671-678 i 

flooded, effect on tomato root-knot nema- 
tode 280 

heterogeneity, effect on sugar content of 

beets 646,647 

Hydrogen-Ion Concentration, Effect on 
Growth of Bean and Its Susceptibility 
to Dry Root Rot. Walter H Burk- 
holder 176-181 

manured, hydrogen-ion concentration-- 117,119 
microorganisms, munber m decomposing 

green manure, study 113-U6, 118-119, 120 

moisture, effect on- 
survival of alfalfa seedlings during 

freezing- 439-440 

tomato root-knot nematode — - 276-279, 

280,281-284 

nitrogen, parts in decomposing green 

manure, study- - 116-117,119 

temperature- 

effect on root growth 422 

effect on survival of alfalfa seedlings dur- 
ing freezing - 438-441 

seasonal variations-.- 421-427 

Soils, fertilizer treatments, relation to phos- 
phoric acid content of plants 679-690 

halepeneie, chromosome study 317-321 

kernel smut— 

,, control by copper-carbonate dust 

' mernod 10 

(Sphae«l0ihm BOTakiU Study of Physi- 
ologic Forms, L. E, Melchers, 0. H 

PiCKe, and O. O. Johnston 1-11 

milgare See Broomcorn 
Sorghums— 

annual, chromosome numbers, study — 317-318, 

320,321 

Grass, Chromosomes in. A. E. Longley- 317-321 
inoculation with Sphaeelotheca eorghU 

studies 3-6,10 

varieties susceptible to kernel smut 3-6, 10 


Page 

Soybean— 

and Corn Rations, Yeast and Casein 
Supplements to, Effect of Feeding to 
Rats and Swine Charles L. Shrews- 
bury, Claude M. Vestal, and Sigfred 

M Hauge 267-274 

hay. phosphoric acid content, effect of 

fertilizer treatments 683, 684 

Soybeans, cooked, superiority to uncooked. 270- 

271, 273 

Sphacelotkeca mghi-— 

Kernel Smut of Sorghum, Physiologic 
Forms, Study. L E, Melchers, C. H 

Ficke, and C O Johnston 1-11 

morphologic characters. . 7-9, 10 

physiologic- 

forms, distribution and importance 9-10 

forms, key for identification - 6 

specialization, experiments and results. 3-6, 10 
Spinach, Vitamin Content of Three Varie- 
ties Hilda Black Kifer and Hazel E 

! Munsell 767-771 

i Spray Oils, Petroleum, Chemical and 
! Physical Properties Jesse R. Green... 773-787 
Spruce, mycorrhizae of, types and forma- 
tion 1 296-296 

Squab ducklings, spoilage, cause and pre- 
vention 913-918 

Stanton, T R , and Reed, George M 
Physiologic Races of Uetilago letns and 

U avenae on Red Oats 147-163 

Stetlana mediae Restoration of Virulence of 
Attenuated Curly-Top Virus by Passage 

through. O, F. I»ackey 765-766 

Stomach worm- 

larvae, infective, experiments 404-409 

Obeliseoidea cmimlit of Rabbit, Life His- 
tory, Joseph E Allcata — 401-419 

Strawberry- 

damage by strawberry leaf roller.... 642,667 

Leaf Roller- 

Ancplis comptana (Froel ), in New Jer- 
sey, Biology ana Habits David E, 

Fink 641-668 

control by parasites — — 664-656,657 

distribution and nature of Iniury 642 

life cycle, description 543-654 

Stroman, G. N Correlations of Certain 
Lmt Characters in Cotton and Their 

Practical Application 523-627 

Subsoil and Temperature Variations, Sea- 

BOiwI. Alfred Smith 421-428 

Sucrose— 

in plant sap, determination, experi- 
ments 671-674,68$ 

solutions, freezing-point depression, de- 
termination 674-676,68$ 

Sugar- 

concentration of, effect on oxidation-re- 
duction potentials in cream 80-81, 82 

content, beets, determination by sam- 
pling, method 633-647,658-661,663,664-668 

Sugar beets— 

curly-top virus, virulence, attenuation 

and restoration - 766-766 

Decay— 

by Strains of Phargn betaet Effect of 
Temperature on Rate. C M. 

Tompkins and Dean A Pack 29-37 

effect of temperature on.... 29-37 

Field Experiments, Effect of Size and 

Shape of Plot F R Immer 649-668 

in storage, decay, experiments. 30-32 

inoculation with Phomu beiae^ tempera- 
ture studies 29-37 

juice, purity, analysis 661-667,668 

Plots, Size and Shape, Relation to Field 

Experiments F R Immer 649-468 

sampling technic— 

analyas of variance. 634-647,661-668 

Study. F. R Immer.... 633-647 

weight- 

analysis of vatiancs— 6f^-663‘ 
relation to sugar content, study,, . 636-640,666 
yield, analysis of variance 661-668, 666^6$ 


940 


Journal oj Agricvltural Research 


Page 

Pltjm, M Moore, L A , and Huff- 
man, C F • Bulk as a Factor in Formul- 
ating Grain MKtures for Dairy Cattle,,- 789-790 
Pollen - 

Antagonism in Cotton— 

Thomas H. Keamey and George J 

Harrison 191-226 

hypothesis 219-223, 224 

relation to consanguinity, e’tperiments. 21&-219 
tubes, cotton, differential growth rate, 

cause of selective fertilization 196-208 

Pollination, of cotton, experiments and 

results 191-224 

Pope, Merritt N — 

Catalase Activity in Relation to the 

Growth Curve m Barley 343-355 

The Growth Curve in Barley 323-341 

Potash, influence on phosphoric acid con- 
tent of barley 581-682 

Potassium, use in growmg apple trees 248-250, 

253,255,257-263,265 

Potatoes, phosphorus content, effect of fer- 
tilizer treatments — 588-589 

Powers, LbRot Cytologic and Genetic 
Studies of Variability of Strains of Wheat 

Derived from Interspecific Crosses 797-831 

Powers, WitBUR L Characteristics of 
Dispersable Orcanic Colloids in Peats... 97-111 
Precipitation, influence on- 

abundance of mosquito larvae 382-384 

plankton organisms in water 386-386 

Prince, A D , and BtAiR, A, W . The In- 
fluence of Phosphates on the Phosphoric 

Acid Content of the Plant 679-590 

Protein— 

and Vitamin A Content, Various Fish 
Meak L A Maynard, R 0 Bender, 

and C. M McCay 591-603 

casein, feeding to pigs and rats - 267-273 

content, fish meal— 

expemients - 724-732 

nutritive value 696-602, 603 

Protozoa, number In decomposing green 

manure, study 113-116, 119, 120 

Pwccinfa— 

gramtnh tritid, resistance of Marquillo 

' wlmat 797,801 

tfUidnui—^ 

fertile Infection on Thalietrum, study. . 745- 

749,760-753 

Heterothalhsm, Cytological Study, 

Ruth F Allen. .! 733-764 

invasion of Thalietrum leaf 736- 

740,741-749,762-763 

isolated infection on Thalietrum, 

study 741-745,760 

spermogoma and receptive hyphao, 

study - 738-740,749-763 

Pyroligneous Acid and Acetic Acid, Com- 
parison with Formaldehyde as Soil Dis- 
infectants William L, Doran — 671-678 

Quercus borealis marfma, volume tables, 
construction, simple method 630-538 

Rabbit Stomach Worm, Obdiscoides cu- 
nicutt Life History. Joseph E. Alicata. 401-419 
Rabbits, infection with Obellscoides cmicu- 

It, experiments 404, 409-413, 418 

Raspberry, damage by strawberry leaf 

^roller 64^657 

Rations— 

Corn and Soybean, Yeast and Casein 
Supplements to, Effect of Feeding to 
Rats and Swine Charles h Shrews- 
bury, Claude M. Vestal, and Sighed 

M Hauge 267-274 

grain, fm dairy cattle, value of bulk, ei- 

_ perimente. 789-796 

Rats— 

and Swine, Ll^r Size, Effects of Nutri- 
tion ^d^Bemw. H. P. Meixis and 

Don E Johnson*^ 511-621 

feeduag with— 

peanuts, vitamin study 860-800 

yeast and casein supplements to corn 
and soybean rations, effect- 269-271,273 


Page 

Rats— Continued. , ^ . 

growth on protein and protoin-deiieient 

diet, evperiments . 269--271 

litter si'/e, factors affecting. 613-516, 619-520 

Red pine seedlings, damping off, eHoct of 

sod treatment with acetic add 675, 677-678 

Reed,' George M , and Stanton, T U 
Physiologic Races of Ufstilago levis and V 

avenae on Red Oats U7- 1 63 

Research, Agricultural, Use of Photograph- 

le Light Box A. B Groves..-, 467-476 

Rhizopus— 

infection of sweetpotatoes and carrots, 

comparison 876*877 

nigricans, growth on carrots in storage, 

kperiments 861,863,870-877,908-909 

soft rot, development on carrots, experi- 
ments 861-863, 870-879, 896-902, 907-91 1 

tritici, growth on carrots in storage, experi- 
ments 861,803,870-879,908-900 

Rico polish, extract, feeding to rats, experi- 
ments 864-vHr)9 

Riddell, W H , Hodgson, R E., and 
Hughes, J S Factors Influendng the 

Blood-Sugar Level of Dairy Cattle 357-366 

Robertson. D W ; Dkmino, G. W , and 
Koonce, DWIGHT. Inheritance In Barley. 446-400 
Root- 

Constriction, Cotton Plants in San Joa- 
quin Valley, California. J. W. Hub- 

hard .: 39-47 

growth, relation to soil temperature 422 

Root Rot- 

Dry, of Beans, Relation to Hydrogen-Ion 
Concentration of Soil Walter H. 

Burkholder. 176-181 

of peas— 

causal organisms 833 

effect on ripening and quality, study., 

838-848 
287-314 
789-706 
688 “689 

Sampling Teohnio, Study with Sugar Recta. 

P R. fmmer.......... 633 647 

San Joaquin Valley, fJaflfornia, Cotton 
Plants, Root Constriction J. W, Hub- 
bard 39-47 

Sap, Corn Plants, Chlorine OorUent, Effect 

of Fertilizers N. A. Pettlnw^ 919-931 

Sayre, J. D.: Methods of Determining 
Bound Water in Plant Tissue..... . .. 660 088 

Schneider, Ruroh H,; Nitrogen- Balance 
Studieswith Various Fish Meals...... . 723-732 

SclerotinU-^ 

scleroUorwn, development on oarrotn In 

storage, experiments 861, 

863'*870,907 908.910*011 

soft rot, development on carrots.. 801- 

87O,«06,9O7*#8 

Seed germination, effects of soil disinfection. 670- 

670,677-576 

Seedlings— 

Alfalfa, Comparative Hardiness In, 

Method for Determination by Con- 
trolled Hardening and Artificial Freez- 
ing, George L. Peltier and H, M. 

association wTthmyiirrhirim, hem 17 310-314 
damping off, effect of soil dibinfoctants, . . . 6li476 
Sherwood, F W , and Halverson, J. 0.: 

The Distribution of Vitamin B Complex 

and Its Components in the Peanut 849*-860 

Shirley, Hardy Light Intensity in 
Relation to Plant Growth iff R Virgin 

Norway Pine Forest*. 

Shrewsbury, Chiles L,; VEsm* ^ 
Claude M,; and Hauge, Sigfred M.s 
T he Effect of Yeast and Casein Suppl^ . 
ments to Com and Soybean Rations 
When Fed to Rats and Bwine...... 267-274 


on Physiology J G. Horsfall, 

Z. I. Kertesz, and B, L, Green. 

Roots, conifer, association with mycorrhi- 

zae, study 

Rumen, cattle, activity iu dealing with 

grain mixtures 

Rye. phosphoric acid content, effect of fer- 
tilizer treatments — - 683-584, 



Index 


943 


Page 

Vohimo Tahlosi, Tree, Construction, Sim- 

S le Mothorl. Pt B Domeutt and A. G. 
lolntyre 620-530 


Water- 
BoutKi— 

in Tlant Tissue, Methods of Petermin- 

Ing. J, B. Sayre t 

ffleasurement, methods 671-686 

hydrogen-ion concentration, relation to 

presence of Anopheles larvae 394-398, 399 

impounded, effect on Anopheles breed- 

« 388 

apecliio heat, 680 

surface, amount, influence on- 

abundance of mosquito larvae 3S2-3S4 

plankton content 385-386, 397 

Weat her, effect on growing period of barley. 326-327 
Wheat- 

breeding for resistance to bunt 121-126 

oharactens, coefficients of variability, rela- 
tion to cytologic aberrations- .. 822-^25, 827-830 
crossbreeding for rust resistance and de- 

^able agronomic character* 797-830 

heredity studies. 797-830 

inheritance studies 121-126 

leaf rust. See Pucci nia tritici na, 
mlcrosporogenesis, strains, fragmenta- 
tion 811-813 

Marquillo— 

germinal stability, cytologic study 797-830 

origin and characters 797, 827-828 

Marquis, germinal stability, cytologic 
study 797,800-829 


Page 

Wheat— Continued 
Minnesota 2303— 

microspores, occurrence of micronuclei. 803- 

$04,829 

origin and characters 797,827-828 

seedlmgs, inoculation with smut, experi- 
mental results 52-67 

smut— 

heterothalhsm and hybridization, 

studies — 49-57 

sporidia, formation of, description 61-53 

strains — 

cytologic aberrations, correlations be- 
tween 820-822.827-828,829 

Denved from Interspecific Crosses, 
Variability of, Cytologic and Genetic 

Studies LeRoy Powers 797-831 

Wheats, Resistance to Bunt, Titletia tritid, 
Inheritance m Crosses of W’hite Federa- 
tion with Turkey Fred N. Bnggs 121-126 


Ye^t— 

and Casern, Supplements to Corn and 
Soybean Rations, Effect on Rats and 
Swine. Charles L Shrewsbury, 

Claude M. Vestal, and Sigfred M. 

Hauge 1 267-274 

autoclaved, feeding to rats, experiments 854-859 

Zaumbyer, W J Comparative Patholog- 
ical Histology of Three Bacterial Diseases 

of Bean.. -! 605-632 

Zea mays 8ee Com, Maize 


O 



942 


Journal of Agricultural Research 


Page 

Sunlight— 

effect on reduction of methylene blue in 

milk 86-91,93,94-05 

Sec a/«o Light. 

Superpbossphate, effect on— 

cnlonne content of corn sap, study 010-921 

phosphoric acid content of crops 583-580 

SweetpotatoRS, infected with Rhiaopus, 

comparison with infected carrots 870-877 

Swine— 

and Rats, Litter Size, Eflfects of Nutrition 
and Heredity H, P. Morris and Don 

W Johnson 611-621 

feeding with fish meal, expenments 728-732 

feeding with yeast and casein supple- 
ments to com and soybean rations, 

effect—— - 272-273 

growth on protem and protein-deficient 

diet, experiments, and results 272-273 

litter size, factors affecting 616-520 

Taproots, cotton, root constriction 42-47 

Temperature- 
effect on— 

etiolation of tobacco plants 480 

hibernating larvae and pupae of straw- 
berry leaf roller 662-664,667 

Rate of Decay of Sugar Beets by 
Strains of Phoma oeiae C. M. 

Tompkins and Dean A. Pack 29-37 

tomato root-knot nematode 276-278 

influence on— 

abimdance of mosquito larvae 882-384 

infection and decay of carrots in storage- 866-9U 

plankton organisms in water 385-386 

Relation to Tomato Anthesis and Bios 
som Drop, together with a Histological 

Study of the Pistils Ora Smith 183-190 

soil, seasonal variations 421-427 

Vanations, Seasonal, of Subsoil. Alfred 

Smith 421-428 

Temperatures, Low, Effect on Cottonseed 

Germination, 0 A. Ludwig — 367-380 

Thalictnim leaf- 

inoculation with PwccmtafrifictttO— 736-736 
•invasion by Pttcdnta trUidm mycelium 

736-740,741-749 

Thietasiopsis paradora— 

Cause of Black Scorch of Date Palm 

L J KlotzandH F.Eawcett-- 166-166 

control 164-166 

description,.. - 163-164,166 

host plants and range. - 166 

Thomas. H. L The Glossy Character (gls) 
in Maize and Its Linkage Relations. 167-178 
Thresher* Injury to Baby Lima Beans, 

H A. Borthwick 603-610 

THlUtia— 

and T. iritfd, Heterotballism and 
Hybridization In, H H. Elor...... 49-57 

^ ^hpiologic forma, hybridization 63-67 

and T tetfis, Hetorothalllsm and 

Hybridization in H.H.Flor. 49-67 

physiologio forms, hybridization — . . . 63-87 

Timber volume tables, construction, simple 

method 

Tissue, Plant, Bound Water in, Methods 

of Determining J D, Ssyto. 

Tobacco— 
breedmg for inheritance of White Burley 
character . . 479-493 

chlorophyll deficIScyrinberiltan^ 477-493 

seed, weight, effect on white genotypes 

487-490,493 

Whit© Burley Character, Inheritance 

?, S H&a 477-403 

Tomato— 

Anthi^ and'Blossoin Drop, Relation to 
Temperature, ^ether with a Htsto- 
logdcalStudyoftfeistils. OraSmith. 183-190 
blossom drop, mlatlk to temperature, 

experiments 18M90 

Gall* Nematode^ 

Effect of Enylronment. X4nu$ H. 

Jones.. 276-285 

nature and population.. 276-276 


Page 

Tomato—Continiied 

galls, decay, relation to soil moihtme..28l~283,284 

pistils, histological study.... 187-190 

root-knot nematode, environmental of 

fects, study 276-284 

Tompkins, C. M , and Pack, Dkan A ; 

Effect of Temperature on Hate of Doc* ly 
of Sugar Beets by Strains of Photna hffae, 29 37 
Tree Volume Tables, Const ruethm, Simple 
Method D. B. Dementt and A, C. 

McIntyre 629-639 

Trees— 

Apple, Fertilized, Growing in Metal 
Cylinders, Giowth Record ll, D* 

Anthony and W S Clarke, jr... 245-266 

Ash, Canker of, Production by Variety of 
Olhe Tubercle Organism, Bactmum 

samtanoi Nellie A Brown 701-722 

classification by diameter and height f>39»632 

diameter axis, plotting for volume tables. 633-634 
height axis, plotting for \ olume tables ... 634 

in Minnesota forest, nomenclature.... — 228 

volume axis, plotting for volume tables.. 634-638 
Ttsdai-, H M , and Peltikh, Gkobus L.* 

A Method for the Deleimiuation of 
Comparative Hardiness in Seedling 
Alfalfas by Controlled Hardening and 
Artificial Freezing 429-444 

I7srilfl<70— 

awnaa and U> tevis, Physiologic Races on 
Red Oats. George M. Reed and T. R. 

Stanton... X47-163 

(riitcL physiologic races on red oat^ 147, 

149-160, 161-162 

Vestal, Claude M . Shrbw* 8BURY, 
CiiABLEs L . and Hauoe, Biuprud M*: 

The Effect of Yeast and Casein Supple- 
ments to Corn and Soybean Rations 

When Fed to Rats and Swine.- 267-274 

Vetch Green Manure, Decomposition in 
Relation to the Surrounding Soil. Harry 

Humfeld and Nathan R. Smith 113-120 

Virulence, Curly-Top Virus, Attenuated, 
Restoration by Passage through Stellaria 

media 0 F. Lackey 766-766 

Virus, Attenuated Curly-Top, Virulence 
Restoration by Passage through Stellaria 

media* 0. F. Lackey 766-765 

Vitamin A— 

and Protein Content, Various Fish 
Meals L. A. Maynard, R. 0* Bonder, 

and 0. M. McCay 691*603 

content— 

fish meal, exporitnonls 693-696, 602-693 

of grapes and grape juice, experiments. 60, f© 
determination in throe varlotias of 

ach . 768-769,771 

Vitamin B, 0, and 0 Content, Bulttinina 
(Thompson ReecHes8> and Malaga 
Grapes and Two Brands of Commercial 
Grape luloe. Esther Peterson Daniel 

and Hazel E. Mimsell 69-70 

Vitamin B— 

antineuritic fraction, detection in peanut. 858, 859 
Complex and Us Components, Distribu- 
tion in the Peanut* F* W, Sherwood 

andJ.O. Halverson 849-860 

content of grapes and grape juice, experi- 
ments 61-63,69 

determination in three varieties of spinach. 769, 771 
Vitamin C- 

content of grapes and grape Juice, experl- ^ “ 

ments 03-66,69 

determination in three varieties of SflB^ 

ach 769-771 

Vitamin O content of— , 
grapes and grape juice, determlnWlon.... ^ 67-®9 

manut, study..... f ^ “ 

Vicamin Content, Spinai^, TOree Varie- 
ties. Hilda Black Ser and Hazel E. ^ 

Munsell. 7CI7»»^ 

Vitamin, g 




Index 


943 


Voliinio Tabk^s, Tree, Coiistriietion, Sim- 
pl(5 Mothock I). xi. Bonierittr and A. C. 

- - 529-539 

Water-* 

Boimtl— 

ir^ Plant. Tksuc, Methods of Betermin- 
inf, J, bayro. 

racasurernont, mfiihods--^^...; 67lS 

liydrofoiMon concentration, relation “to 

, presence of Anopheles larvae 394-396,399 

nnpnnndod, citect on Anopheles breed- 
ing-, ooo 

specillc heat, table.-—, , gso 

surface, amount, inhuence on— 
abundance of mosquito larvae,-.-—., 382-384 

content-, 385-386 397 

Wheat—’ ^J^owing period of barley. 32fP-327 

breeding for resistance to bunt 121-126 

characters, coefficients of variability, rela- 
tion to cytologic aberrations.., 822-825.827-830 
crossbreeding for rust resistance and dc- 

sirable agronomic character* 797-830 

heredity studios, 797-830 

mheritance studies 12l-l‘>6 

leaf rust. See Puccinia tritkina, 

microsporogene.sis, strains, fragments- 

Mfeo- 

germinal stability, cytologic study, . 797-830 

origin and characters 797, 827-828 

Marquis, germinal stability, cytologic 

— 797,800-829 


Wheat— Continued , 

Minnesota 2303— 

■ microspores, occurrence of mleronuelel. 

origin and characters 797 

seedlings, inoculation with smut, experi*’ 

mental results 

smut— 

heterothallism and hybridization, 

studies,. 

sporidia, formation of, descrip'fion.ZII 
strains— 

cytologic aberrations, correlations be- 
tween 820-822,827- 

Derived from Interspecific Crosses, 
Variability of, Cytologic and Genetic 

Studies. LeRoy Powers. 

Wheats, Resistance to Bunt, Tiltetia tritid, 
Inheritance in Crosses of W'hite Federa- 
tion with Turkey. Fred N. Briggs. 

Yeast— 

and Casein, Supplements to Corn and 
Soybean Rations, Effect on Rats and 
Swine. Charles L. Shrewsbury, 
Claude M. Vestal, and Sigfred M. 

Hauge.- : 

autoclaved, feeding to rats, experiments' 

Zaumeyer, W. J.: Comparative Patholog- 
ical Histology of Three Bacterial Diseases 

of Bean 

Zea mays. See Corn; Maize. 


Page 

803 - 
804. 829 
, 827-828 

52-57 

49-57 

51-53 

- 828,829 

. 797-831 

, 121-126 

267-274 

854-859 

605-632 


O 




I, A. R.I 

mfERIAL AGBIOaLTURAL RESEARCH 
INSTITUTE LIBRARY 
NEW DELHI. 

T ^ 


y 


Dato of issue. 


Date of isBuoJ Date of issue. 





